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FOREWORD 
 
 
Today, with its approximately 8 billion people living in, world is facing different 
challenges. Exponential growth of world’s population brings exponential increase in 
usage of natural resources and therefore poverty. However, in an idealist perspective, 
democratic usage of resources and preventing poverty is not the main issues any 
more. Maybe for the first time, humanity discusses the future of society, in the 
manner of extinction. Not only food and water supplies but also energy supplies are 
about to deplete in a relatively close time frame. Scientists are working 
interdisciplinary to find a way out of such problems and almost every day another 
research is announced on synthetic food productions, nano technology, astronomy, 
clean energy etc. with the hope of finding permanent solution(s) to at least one or a 
few problems. 
This thesis was actualized to provide another conceptual solution on energy 
consumption in telecommunication industry. Information and communication 
technologies are improving as never did in the history. Hopefully as suggesting here, 
controlling access side may be the key of future data and therefore energy 
consumptions. 
I would like to thank to Assoc. Prof. Dr. Aysegül ÖZBAKIR for her help and 
guidance on GIS subjects included in the project which this thesis is constructed on. 
Finally, for obtaining such an interdisciplinary perspective, I would like to thank to 
my advisor Assoc. Prof. Dr. Güneş KARABULUT KURT. Without her, I wouldn’t 
find the opportunity of studying different subjects, correlating them for the purpose 
of a problem solution.  
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TRANSMIT POWER OPTIMIZATION BASED ON USER DEMAND 
SUMMARY 
With latest development of telecommunication technologies such as third generation 
mobile communication and Long Term Evolution , mobile user’s high bandwidth 
and mobility demands are also increased. Big data demand started to become a 
common challenge for the network service providers. Reachability of information 
and communication technologies (ICT) became more critical. In order to provide 
high quality of service to everybody and to allocate mobile resources effectively; 
various techniques, intelligent approaches and network architectures are being 
developed.  
In this thesis, main subject is decreasing mobile power consumption by considering 
mobile users’ data demand. To succeed, mobile user’s high bandwidth and mobility 
demand problem will be approached in a deductive way. It will be shown that not 
every mobile user needs very high data bandwidth. Mobile users’ behaviors vary 
from one to another and as far as all mobile users are considered as they need high 
amounts of mobile data, no user satisfaction would be possible in a few years. 
However we propose that if mobile users’ data demand may be estimated, then more 
efficient and green mobile networks may be designed by decreasing total power 
consumption of mobile stations. 
Therefore, first, mobile users’ behaviors and their reachability to ICT will be 
determined in digital divide concept along with clustering analysis in experimental 
ways. Second, clustered user characteristics will be mapped to specific data rates 
which reflect the average data demand in a particular user group. Then at the end, it 
will be shown that total power consumption of mobile stations may be decreased if 
mobile users’ data demands may be classified and user satisfaction is provided by 
considering potential data demand. 
This thesis has two original contributions. First, digital divide will be analyzed at 
intra-city level by neighborhoods. While governments and institutions, such as 
International Telecommunication Union, are in question of whether the global divide 
is widening or narrowing. There are no studies, neither in the literature nor in 
practice to understand the gap between ICT users in a city. With this goal, 1140 
Istanbul habitants were asked to fill a questionnaire, in order to be classified in terms 
of their technology reachability and reasons of using ICT. Then, clustering analyses 
were performed to questionnaire results. Respondents have been clustered into sub 
groups from digital divide perspective to have a vision on end user data demand. 
Clustering respondents required some data preparation steps and suitable clustering 
techniques.  
As the second unique case study, data demand estimations are used to provide 
quality of service for mobile users while decresing the power consumption of mobile 
stations. Mobile users’ data needs are estimated through previously clustered 1140 
habitants of Istanbul. We propose sufficient modulation and coding (SMC) method 
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that functions according to mobile users’ estimated data demands and their 
equivalent signal to interference and noise ratio. It is shown that by providing 
sufficient quality of service for mobile user, more efficient power usage is possible 
by using convex optimization methods. Finally to show the increased energy 
efficiency, we compare SMC with the theoretical approach used in adaptive 
modulation and coding which is one of the remarkable techniques, that provide high 
quality of service while adapting modulation and transmission power with respect to 
erratic channel conditions.  
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KULLANICI TALEBİNE BAĞLI İLETİM GÜCÜ OPTİMİZASYONU 
ÖZET 
Bilgi ve haberleşme teknolojilerindeki hızlı ilerleme son yıllarda mobil veri 
ihtiyacında da ciddi bir artışı beraberinde getirmiştir. Bu durum servis kalitesinin 
bozulmaması adına kaynakların efektif kullanılmasını gerektirmektedir. Bu amaçla 
araştırmacılar, telekomünikasyon endüstrisi ile birlikte daima daha gelişmiş 
yaklaşımlar üzerine çalışmaktadırlar.  
Bu çalışmada yükselen veri ihtiyacını karşılamak için veri ihtiyacının bilinmesi 
halinde kaynak kullanımında ne derece verimlilik sağlanabildiği, toplam mobil güç 
tüketimindeki azalma ile gösterilecektir. Yeterli modülasyon ve kodlama önerilerek 
veri ihtiyacının tahminlenmesi sayısal uçurum kavramı kapsamında 
gerçekleştirilecektir.  Amaç tahmin edilen veri ihtiyacı sayesinde, kullanıcıların ne 
seviyede sinyal gücünün girişim ve gürültü gücüne oranına (SINR) ihtiyaç 
duyacaklarının; dolayısıyla da bu SINR seviyesinde yapılan iletişim için güç 
tüketiminde ne kadar verimlilik sağlanacağının gösterilmesidir.  
Sayısal uçurum, ekonomik işbirliği ve gelişimi organizasyonu tanımlamasına göre: 
Bireyler, haneler, iş birimleri ve coğrafi birimler arasındaki, bilgi teknolojilerine 
erişim farkıdır. Bu fark, farklı sosyo-ekonomik seviyedeki birimlerin, bilgi ve 
haberleşme teknolojilerine erişimlerindeki fırsat farklılıkları, internet, 3G kullanımı, 
GSM kullanımı gibi bilişim dünyasına ait aktivitelerin kullanım derecelerine göre 
ölçülmesiyle hesaplanmaktadır. Bu tez kapsamında, ilk adım sayısal uçurumun 
ölçümlenmesi olmuştur. İstanbul’da farklı ilçelerden, farklı sosyo-ekonomik yapıdaki 
1140 kişinin katıldığı hane anket çalışmasında bulunulmuştur. İstanbul il sınırları 
içerisindeki 10 ilçe ve 31 mahallede gerçekleşen bu çalışmada, %95 güvenilirlikle (  
0.055 hata oranı) örnekleme yapılarak tüm İstanbul’un sayısal uçurum seviyesi 
yansıtılmaya çalışılmıştır. Sonraki adımda çalışmanın çıktıları çeşitli tekniklerle 
kümeleme algoritmaları için hazırlanmış, sonrasında da kümeleme adımları ve 
teknikleri kullanılarak anket katılımcıları üç gruba ayrılmıştır. Bu gruplama sayısal 
uçurum kapsamında bilgi teknolojileri farkındalıklarına göre yapılmıştır. 
Katılımcıların ayrıştırılmasında 6 kümeleme tekniği denenmiş, en yüksek kabul oranı 
hiyerarşik kümeleme metodu ile alınmıştır.  
Bilgi teknolojilerindeki farkındalıkları doğrultusunda aynı gruptaki katılımcıların 
bilgi teknolojileri, özellikle de mobil internet hizmeti kullanımlarının paralellik 
gösterdiği kabul edilebilir. Dolayısıyla aynı kümedeki mobil kullanıcıları ortak bir 
veri ihtiyacı ile eşleştirilebilir. Amaç, hem veri ihtiyacı hem de lokasyon bazında 
eşleştirilebilen mobil kullanıcılardan yola çıkarak, veri ihtiyacının önceden tahmin 
edilmesi ve böylece toplam güç tüketiminde verimlilik sağlanabileceğini 
göstermektir. Bu kapsamda belli bir sistem modeli üzerinden benzetimler 
gerçekleştirilecek, düşük, orta, yüksek veri ihtiyaçları sayısal uçurum anlamında 
kümelenen kullanıcılar ile eşleştirilecektir. 
xxii 
 
 
Potansiyel veri ihtiyacını tespit etmek için anket çalışması İstanbul içerisinde 
yapılmıştır, bu yüzden çalışmada sistem modeli şehir özelliklerine göre 
tasarlanmıştır. Bu sebeple kod bölmeli çoklu erişim (CDMA) kullanan üçüncü nesil 
(3G) bir sistem kabul edilmiş, şehir içi yol kaybı etkisi göz önünde 
bulundurulmuştur. Böylesi bir sistem, transfer fonksiyonu ile yol kaybı, gölgeleme 
etkisi ve sönümlenme etkisini içinde bulundurur. Bu kapsamda alınan tüm sistem 
parametreleri şehir etkisini yansıtacak şekilde seçilmiştir. 
Sistem modelinin oluşturulmasının ardından mobil kullanıcıların veri ihtiyacının 
tespit edilmesi bir diğer önemli adımdır. Veri ihtiyacı aslında SINR’ın bir yansıması 
şeklinde tanımlanabilir. Örneğin adaptif modülasyon ve kodlama (AMC), SINR 
maksimizasyonuna bağlı olarak iletilen verinin de maksimize edilmesi üzerine 
kuruludur. Bu sebeptendir ki, yine aynı mantıkla veri ihtiyacını, SINR’a yansıtmamız 
durumunda veri ihtiyacına bağlı mobil cihazlarda güç tüketiminin minimize edilmesi 
sağlanabilir. Bu kapsamda Shannon kapasite formülü kullanılıp, maksimum kanal 
kapasitesi kullanıcnın ihtiyaç duyduğu veri miktarı ile değiştirilebilir. Bu sayede bir 
kullanıcının veri ihtiyacı için gerekli SINR eşiğini belirlenir ve bu SINR’dan daha 
yüksek SINR değerleri için kullanıcın veri ihtiyacının karşılanacağı kabulü 
yapılabilir. SINR üzerinden mobil bir cihazın iletim gücü, mobil cihazların baz 
istasyonuna uzaklıkları, mobil cihaza etkiyen adaptif beyaz Gauss gürültüsü ve 
CDMA yayılım kazancı, mobil cihazlarda güç tüketiminin en aza indirilmesi 
amacıyla ele alınan kısıtlardır.  
Karmaşık mobil hücresel sistemlerde mobil cihazların konumları ve dolayısıyla kanal 
katsayıları sürekli değişmektedir. Bu yüzden, gerçek hayatta mobil güç tüketimini 
minimize ederken optimum SINR seviyesini tespit etmek oldukça güçtür ve hızlı 
optimizasyon metodları gerektirir. Bu metodlardan biri de bu tez kapsamında 
kullanılacak olan konveks optimizasyon metodudur. Bu kapsamda göz önünde 
bulundurulacak fonksiyonlar konveks hale getirilebilir olmalıdır. Nitekim SINR 
seviyesinin mobil kullanıcının veri ihtiyacına dayanması kısıtı, AMC’deki SINR 
maksimizasyonu ve SMC’deki güç tüketimlerinin minimizasyonu konveks hale 
getirilebilen fonksiyonlardır. Bu durum konveks optimizasyon metodlarının özel bir 
hali olan geometrik programlama kullanabileceğimizi gösterir. 
Tezin kapsamında son adım AMC ile SMC’nin karşılaştırılması ile verimliliğin 
gösterilmesidir. Bu amaçla SINR maksimizasyonu ile mobil kullanıcıya en yüksek 
veri iletimi sağlanarak AMC, yeterli SINR ile optimum güç tüketimi sağlanarak da 
SMC benzetimleri gerçekleştirilmiştir. İki tekniğin de kullandığı ortak kısıtlar en 
genelden en özele aşağıdaki gibidir: 
 CDMA tabanlı Evrensel Mobil Telekomünikasyon Sistemi şebekesindeki 
mobil cihazların güç tüketimleri alttan 0 Watt, üstten 0,5 Watt ile 
sınırlanmalıdır, 
 Veri ihtiyacını baz aldığımız mobil cihaza etkiyen diğer mobil cihazların 
toplam girişimi optimizasyonun gerçekleşebilmesi açısından belli bir değer 
ile üstten sınırlandırılmalıdır,  
 CDMA’de gözlenen yakın-uzak etkisi yüzünden veri ihtiyacını gözettiğimiz 
mobil cihazın dışındaki mobil cihazların alınan güç seviyeleri eşit ve belli bir 
seviyenin üstünde olmalıdır, 
 Veri ihtiyacını gözettiğimiz mobil cihazın dışındaki diğer tüm mobil 
cihazların servis kalitesini belirleyen SINR değerleri belli bir seviyenin 
üzerinde tutulmalı böylece servis verilmeme ihtimali ortadan kaldırılmalıdır. 
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Bu kısıtlara ek olarak SMC için aşağıdaki kısıt eklenebilir: 
 Veri ihtiyacını gözettiğimiz mobilimizin SINR değeri, veri ihtiyacına göre 
belirlenen SINR seviyesinin üzerinde olmalıdır. 
Tüm bu kısıtlar amaç fonksiyonları ile birlikte ilerleyen bölümlerde açıklanacaktır. 
Sonuçta optimizasyon problemimiz, mobil cihazların toplam güç tüketimlerini 
minimize etmek amacıyla, kısıtlarla beraber benzetim ortamında çalıştırılmış ve 
AMC ile karşılaştırılarak verimlilik kazancı hesaplanmıştır. Benzetim ortamımızda, 
10 mobil istasyon ve 1 baz istasyonu bulunmaktadır. Sistem sırasıyla 5,10 ve 15 
metreye konuşlandırılan, çeşitli kanal kapasitelerine ihtiyaç duyan 3 mobil istasyon 
ile başlamış ve 10 mobile kadar 5’er metre arayla yeni mobiller eklenmiştir. Her 
farklı durum için senaryo 1000 kere, farklı yol kaybı, sönümlenme, gölgelenme ve 
gürültü etkileriyle çalıştırılmış ve servis verilmeyen bir durum olmaması sağlanarak 
sağlıklı karşılaştırma yapılabilmiştir.  
Veri ihtiyacının, dolayısıyla da SINR ihtiyacının önceden bilindiği durum için; 
önemli bir haberleşme kaynağı olan gücün tüketiminde nasıl bir azalma 
sağlanabileceği hesaplanmıştır. Sonuçlar beklendiği gibi SINR’ın gözetildiği ve 
gözetilmediği durumlar arasında önemli güç tüketim farkları yaratmıştır, güç ve 
enerjide verimlilik sağlanmıştır. 
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1. INTRODUCTION 
With latest development of telecommunication such as third generation wireless 
networks (3G), Long Term Evolution (LTE), mobile user’s high bandwidth and 
mobility demands are also increased. Big data demand started to become a common 
challenge. Therefore reachability of information and communication technologies 
(ICT) became more critical. In order to provide high quality of service  (QoS) to 
everybody and to allocate mobile resources effectively; various techniques, 
intelligent approaches and network architectures are being developed. For satisfying 
all mobile users, researchers as well as mobile network operators and privately held 
companies work together to develop different solutions.  
1.1 Purpose of Thesis 
In this thesis, main subject is decreasing power consumption of mobile stations by 
considering mobile users’ data demand. To succeed, end user’s high bandwidth and 
mobility demand problem will be approached in a deductive way. It will be shown 
that not every mobile user needs high data bandwidth. It is believed mobile users’ 
behaviors vary from one to another, and as far as all mobile users are considered as 
they need high data bandwidth, no mobile user satisfaction will be possible in a few 
years. Large data demand requires predicting potential data demand and creating a 
demand oriented resource allocation scheme. If mobile users’ data demand may be 
estimated, more efficient and more green mobile networks may be designed by 
decreasing the total power consumption of mobile stations. 
Potential data demand of mobile users is examined by investigating them through 
digital divide concept. First, mobile users’ behaviors in Istanbul and their 
reachability to ICT will be determined by digital divide concept along with clustering 
analysis in an experimental way. They will be differentiated into three clusters which 
are so called digital literates, digital immigrants and digital illiterates. The main 
motivation here is to determine the digital gap between the habitants of city Istanbul 
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and determining average data demand of individuals that are scientifically separated 
into same digital divide groups. This will be done through quantification of digital 
gap within neighborhoods and using cluster analyses during this process.  Then, 
clustered mobile users will be mapped to specific data demands which reflect the 
average data demand in a particular user group.  
In this work, after determination of the number of distinct user patterns, a cluster 
validation technique, based on pre-determined user expectations, is suggested. But 
more than that, Sufficient Modulation and Coding (SMC) is proposed and compared 
with Adaptive Modulation and Coding (AMC) to demonstrate improved power 
efficiency. Main propositions are listed below. 
 Sufficient SINR mapping can be done by estimating mobile user’s real data 
demand, and therefore SINR based sufficient user data may be provided, 
 Sufficient SINR mapping, lead to decrease in power consumptions of mobile 
stations and therefore can lead to improved power efficiency of a wireless cell 
network. 
1.2 Literature Review 
By 2000, practical improvements in wireless mobile networks increased the 
technology usage, data demand and therefore the energy consumption in 
telecommunication industry. But optimization and efficiency researches have already 
started in the last decade of 20
th
 century where it is seen that some power control 
mechanisms and optimization techniques [1-3] optimization in resource allocation 
[4] spectral efficiencies and spatial optimizations such as optimal antenna or BTS 
placements [5-8] and optimization and efficiency in channel coding and transmission 
techniques [9-10] are discussed. 
But variable-rate and variable-power modulation techniques [11] would be accepted 
as a milestone in wireless communication by inspiring adaptive methodologies such 
as adaptive modulation and coding (AMC) [12]. Main idea of AMC is to decide the 
best modulation and coding scheme according to the changing channel conditions to 
increase overall spectral efficiency. It is one of the major techniques that optimizes 
spectral efficiency by modulating transmission signal with respect to potential 
maximum signal to interference and noise ratio (SINR) level. In [13], adaptive 
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modulation and coding has been tested the changes in mobile power consumptions. 
SINR has been correlated with data transmission rate to measure the performance of 
AMC with and without power control and SINR balancing. 
With early 2000s, different optimization techniques such as geometric programming, 
convex optimization methods, iterative optimizations and difference of two convex 
functions were studied more specifically in wireless communication area. Optimizing 
resource allocation in wireless communication sustained its importance. Power 
optimization and energy efficiency with green communication concept started to gain 
considerable attention [14-25]. 
[14] and [15] shows geometric programming examples in wireless communications. 
There, non-linear system models are linearized and solved by convex optimization 
methods. At the end, it is shown that power minimization or SINR maximization 
may be established by systematic optimization methods while considering varying 
system constraints. In [16] geometric programming is used to compute a variety of 
resource allocation in wireless network efficiently. In [17], joint optimization 
problems in code division multiple access (CDMA) data networks are studied using 
convex optimization techniques. In [18] quality of service in CDMA systems has 
been correlated with power consumption. In this manner convexity of system 
parameters were measured and SIR was related with data rate and QoS. Again, 
convex optimization techniques were used to reach optimal solutions. [19] Studies 
iterative power allocation in an interference limited network scenario for capacity 
optimal resource allocation which targets directly maximizing the network capacity. 
In [20], it is demonstrated that studied iterative methods are much simpler and 
quicker on reaching global optimal power solutions in comparison with the 
previously proposed works. By D.C programming, efficiency in optimization 
methods were provided by 17 iterations in comparison with 4500 iterations applied 
in previous works. In [21] a distributed iterative algorithm is presented to solve a 
network utilization maximization (NUM) problem.  
Optimization is not only concern due to the operational costs, but also due to future 
energy availability and environmental preservation. Currently, about 0.2% of the 
global CO2 emissions are contributed by the mobile telecommunication industry [22] 
and the carbon emission is the most important index in green communication. Putting 
current data together shows a carbon footprint of 34 g CO2 (or 17 dm
3
) for 1 MB of 
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transmitted data. One bit corresponds to 5.8 x 10
16
 molecules of CO2 is the specific 
bit emission [23]. In [23], a demand shaping approach was investigated within the 
scope of green communication concept. The purpose of the investigation is handling 
the energy problem on demand side and shaping this demand by controlling resource 
usage. In [24], it is shown that energy problem may be solved by trading wireless 
resources between one and another. It aims keeping the most limited resource at 
minimum usage by compensating it in between resources such as energy, bandwidth 
and time.  
Finally, [22] and [25] studies efficiency in wireless communication. Efficiency is 
defined as the ratio of the produced outputs to the consumed inputs [25]. From 
telecommunication perspective it may be called as transmitted bits per unit of energy 
(Joule). On the other hand, as power is not the only resource in wireless 
communication, efficiency may be described with respect to the allocated wireless 
resources: bandwidth, delay or the power consumed. In such a way that bits per 
second per Joule (bit/sec/Joule) will be one of the efficiency metric used in this 
thesis. 
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2. DIGITAL DIVIDE 
As described in previous section, digital divide concept has a major importance in 
this study. It will be used for the purpose of predicting mobile users’ data demand. In 
this section, definition of digital divide and some literature review will be given as 
background information on digital divide. Then the key element of measuring mobile 
users’ ICT knowledge and data need, the questionnaire which was applied to 1140 
mobile users, will be explained. After this chapter, Chapter 3 and Chapter 4 will 
mainly be constructed on explained digital divide concept given here. 
2.1 Background 
Digital divide, with respect to Organisation for Economic Co-operation and 
Development’s (OECD) definition, is the term that refers to the gap between 
individuals, households, businesses and geographic areas at different socio-economic 
levels with regard both to their opportunities to access information and 
communication technologies (ICT) and to their use of the Internet for a wide variety 
of activities [26]. 
In the literature, addressing the gaps between information societies by providing 
global ICT developments through quantitative measurements has gained importance 
since the late 2000s. As a result of the increased importance on digital divide and 
ICT developments, World Summit on the Information Society (WSIS) has come up 
with strategy documents that underline future needs in the measurement of 
worldwide digital gaps [27, 28].  
As a reply to the request of composite and comparable statistical measurements, 
International Telecommunication Union (ITU) has developed some indices. Among 
them are: Digital Access Index (DAI), the Digital Opportunity Index (DOI) and ICT 
Opportunity Index (ICTOI). Final index of ITU the ICT Development Index (IDI) 
released in 2009 attempts to incorporate different aspects of the previous indices. 
However, most of the recent researches still indicate that one size does not fit all due 
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to the geographic, social, economic and cultural differences among countries. For 
this reason, when ranked according to the results of these indices, countries or 
regions might reveal misleading performance results [29].  
Digital divide analysis mentioned in this thesis attempts to analyze digital divide at 
intra-city level by neighborhoods. While governments and institutions such as ITU, 
are in question of whether the global divide is widening or narrowing, there are no 
studies, neither in the literature nor in practice to understand the gap between ICT 
users in a city. Through digital divide analysis, we plan differentiating mobile users’ 
data usage at intra-city level. It is proposed that a priori knowledge of mobile users’ 
data usage should provide more power efficient network architectures by decreasing 
total power consumptions of mobile stations. 
2.2 Application of Digital Divide, Measuring ICT knowledge 
For this purpose, in summer 2011, from various neighborhoods of Istanbul 
Metropolitan Area, 1140 individuals have been requested to answer 100 questions in 
total (with sub questions).  
 
 
Figure 2.1 : 31 Neighborhoods, white labeled, in 10 districts of Istanbul 
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Table 2.1 : ICT service types and their relevant technologies 
Internet Fixed Line 
Mobile 
Phone 
3G 
Home Line 
(PSTN) 
3G 
Wi-Fi 
hot spots 
Mobile: 2G 2G 
xDSL Mobile: 3G 
WiFi hot 
spots 
Fiber 
Mobile: VoIP 
application 
 
WiMAX   
Table 2.2 : Main categories in digital divide questionnaire 
Demographic structure: 
- Gender, 
- Age, 
- Place of birth, 
- Mother tongue, 
- Literacy. 
Economic Structure: 
- Occupation status, 
- Monthly income. 
ICT ownership and use: 
- Number of mobile phones, 
- Network type, 
- Invoice type, 
- Computer usage and frequency 
(hour/day) 
- Internet usage and frequency 
(hour/day) 
- Place of internet accessibility 
- Mobile phone usage, 
- Mobile services, 
- Reasons of computer use, 
- Reasons of internet use, 
- Mobile phone applications. 
ICT Education: 
- Date of learning computer skills, 
- Date of learning internet skills, 
- Place of learning computer skills, 
- Place of learning internet skills. 
Expenditure for ICT services: 
- Monthly expenditure for cellular 
phone. 
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These questions varied like their birth year, financial income, GSM operator, number 
of SIM cards they dial through, usage of internet, usage of 3G etc. Answers were 
taken in numeric or text, mixed type of data. 
Amount of participants of this questionnaire has been calculated statistically by 
random sampling method, to reflect an approximate result of all Istanbul regions 
(with a %95 reliability, ± 0.055 error rate). 10 districts (in a total of 39) were chosen 
(Figure 2.1), and 1140 respondents from 310 houses in different 31 neighborhoods ( 
10 houses/neighborhood ), of 10 districts were included to this questionnaire. Table 
2.1 and Table 2.2 show the ICT service types that are asked to the responders and 
main categories of questions.  
In the next chapters, respondents of this questionnaire may be stated as subjects and 
can be shown with xi , on the other hand answers given by questionnaire respondents 
may be stated as objects and can be shown with yij . At the end the questionnaire will 
be in the matrix shape as below: 
Table 2.3 : Questionnaire shown as a matrix shape 
Subjects Question 1 Question 2 Question 3 … Question 100 
x1 y1,1 y1,2 y1,3 … y1,100 
x2 y2,1 y2,2 y2,3 … y2,100 
… … … … … … 
x1140 y1140,1 y1140,2 y1140,3 … y1140,100 
 
and subjects will be separated vectors to be clustered after all: 
   {                } .   (2.1) 
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3. CLUSTERING 
In the previous section, we define digital divide and how it is used in this work. A 
background on digital divide was given and mobile users’ digital knowledge has 
been measured through a questionnaire. Now, behaviorally similar mobile users 
should be grouped according to their answers to the questionnaire. For grouping 
mobile users, clustering algorithms will be used.  
In this section, first, some background information will be given. Then clustering 
process will be explained step by step. At the end, how cluster algorithms are used in 
this work will be provided among with cluster details of mobile users. 
3.1 Introduction and Background 
Data clustering analyses are empirical steps of classifying various subjects into 
different clusters with respect to the properties of the corresponding subjects. These 
techniques, referred to as unsupervised classification, aim to create groups of 
clusters, in such a way that objects in one cluster are very similar and objects in 
different clusters are quite distinct [30].  
Clustering analyses have below major steps depending on the selected clustering 
method as given in [32]  
i) Clustering elements,  
ii) Clustering variables,  
iii) Variable standardization,  
iv) Measure of association,  
v) Clustering method,  
vi) Number of clusters,  
vii) Interpretation, testing and replication.  
Steps i and ii, choosing the elements and variables consist of all input that is 
collected. In standardization step, step iii, variables are standardized into a common 
comparison point and become dimensionless. There are various standardization 
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techniques described in [30]. In measure of association step, Step iv, similarity or 
dissimilarity is measured between subjects to be clustered. Clusters must be 
separated in step v, according to similarity values calculated by different distance 
metrics. Various distance metrics may be studied through [32], [33]. Finally after 
classifying data into clusters, we need to test analyses’ stability and validity in 
Interpretation, testing and replication step.  
In addition to above steps, a novel cluster validation technique based on pre-
determined user expectations and distinct user patterns, will be proposed in this 
thesis.  
In explained clustering process, four steps have major significant importance than 
that of others. These steps are variable standardization, measure of association, 
choosing clustering method and testing steps. In the next sections, mathematical 
properties of standardization techniques as well as measure of association will be 
provided, different types of clustering methods will be introduced in accordance with 
their own characteristics and testing process of cluster results will be identified. 
3.1.1 Variable standardization 
Variable standardization has an important role in studied clustering steps of this 
thesis because in contrary to classical signal or image processing we had to use all 
features. In classical image processing before initiation of clustering steps, feature 
extraction and feature selection steps are applied. 
 
 
 
 
Figure 3.1 : Classical image processing approach 
Feature extraction is the transforming the set of all data into more simplified and 
meaningful data sets, features. In most cases feature extraction is required to analyze 
the data because large data amounts cause additional complexity in performing 
algorithms, such as memory leaks, power needs or amount of low quality input data. 
Performing feature extraction is generally done through dimensionality reduction 
techniques such as Principal Component Analysis (PCA) [30]. In this thesis, even 
Feature Extraction Feature Selection Clustering 
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though PCA will not be explained in detail, it is applied to data set for testing 
purposes. However, because of the nature in clustering, reduction in 
dimensions/inputs of the input data stayed unclear. Applying PCA would decrease 
the quality of the whole data set instead of increasing, because there were no distinct 
reasons or error functions to measure the outputs of the PCA that affects the results 
of the whole clustering steps. With or without PCA, questionnaire data set is still 
subjective and after input preparation steps, standardization should be applied to this 
subjective data set. [34] points out that standardization is particularly advisable when 
variables are measured in different units or when the range of one variable is much 
larger than that of others. In [30] several standardization methods are described from 
a general equation given as:  
      
   
     
  
     ,                    (3.1) 
where xij is standardized value of its initial x
*
ij. Lj is its location and Mj is its scale 
values. There are different standardization methods such as mean, median, z-score, 
standard deviation or range [30-33]. Here, although all mentioned methods were 
tested, the weighted uncorrected standard deviation (USTD) is described briefly. 
In USTD,       and    =    so; this results the protection of location information 
and change of variables’ scale into    
      
   
  
  
  .         (3.2) 
Here    is standard deviation and given as below 
     [
 
   
 ∑ (   
      ̅̅ ̅)
  
   ]
 
 ⁄
   .     (3.3) 
Selecting standardization method varies according to data set. However 
standardization may not always be enough and some statistical measurements are 
necessary. 
3.1.2 Measure of association 
Similarity metrics in clustering refer to the quantification of how similar subjects are. 
Although there are several methods mentioned in [30], Euclidian distance which 
directly differentiates the same objects is used as a simple and realistic approach: 
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          √∑            
 
        ,                                  (3.4) 
where    and    are 1
st
 and 2
nd
 subjects,     and     are standardized j
th
 objects of 1
st
 
and 2
nd
 subjects and P is the total number of objects to be considered.  
This metric will take us to obtain more compact clusters, which may help to prove 
the clusters’ validity, as will be described in following sections.  
Euclidian distance directly differentiate the same data types, but as discussed in [35] 
sometimes, for some particular states, Euclidian distance may also cause some 
unwanted results i.e. calculated distance might be closer for data variables which are 
‘further’ in reality. For this reason, we may also suggest using average distance 
method:  
          √
 
 
∑            
 
                                     (3.5) 
where x1, x2, y1, y2 and P are the same variables as in (3.4). Using average distance in 
parallel with Euclidian distance method, validates having proper similarity metrics 
between some of our at edge subjects. 
3.1.3 Clustering methods 
Clustering methods can be classified into two groups, one is hierarchical clustering 
methods and the other is the iterative clustering methods [30-32],[36],[37]. Within 
iterative clustering methods two different types; k-means clustering and fuzzy c-
means clustering methods are the most frequently used ones. 
3.1.3.1 Hierarchical clustering 
Hierarchical clustering is a classification method that separates clusters with respect 
to the first and last measured distance metrics. Mainly, there are two hierarchical 
clustering progress in use; agglomerative and divisive methods (Figure 3.1). In 
agglomerative method, all data set is considered as already classified into subjects’ 
size clusters. Method starts by measuring distances (similarities) of all subjects, 
creates a distance matrix (which is a triangle matrix) and then according to distances 
and with respect to the desired cluster amount, join similar subjects to each other, 
until a proper amount of cluster and distance has been reached. This algorithm is 
usually shown with a dendogram, tree of hierarchy. Divisive method is simply the 
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opposite of the agglomerative one. Method starts by considering the whole data set 
as one, and according to distance metrics, separate all data into clusters. 
1 2 3 4 5 6
1 2 3 4 5
1 2
3 4 5
4 5
1 2 3 4 5 6
A
glo
m
erative
D
iv
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iv
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Figure 3.2 : Agglomerative and divisive hierarchical clustering 
Distance definitions between clusters are called as clustering linkage in hierarchical 
clustering. One can cluster a group of subject with hierarchical methods using 
different linkages. By definition there exists a large amount of cluster linkages but 
according to [54] mostly used ones may be generalized with below formulation: 
 (   (     ))                            (     )   |         
 (     )|                                        (3.6) 
Where D(·,·) is distance function, C is cluster centers and         and γ are 
coefficients taking their values according to Table 3.1. 
Table 3.1 :         and γ coefficients for agglomerative hierarchical clustering [31] 
Clustering algorithms         γ 
Single linkage 1/2 1/2 0 -1/2 
Complete linkage 1/2 1/2 0 1/2 
Group average linkage   
     
 
  
     
 
0 0 
Weighted average linkage 1/2 1/2 0 0 
Median linkage 1/2 1/2 -1/4 0 
Centroid linkage   
     
 
  
     
 
     
(     )
  
0 
Ward’s method        
         
 
       
         
 
    
         
 
0 
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3.1.3.2 k–means clustering 
The k–means clustering algorithm is a clustering technique that determines new 
cluster members according to first cluster center and calculates new cluster centroids, 
iteratively. At the k
th
 iterative step, subjects are distributed among K cluster domains, 
using 
  
   
 {    ‖      
   
‖    ‖      
   
‖          }                  (3.7) 
where, xp is a new member which will be assigned to a clustered group Si , according 
to the distance to i
th
 cluster’s center    and j
th
 cluster’s center    that is measured on 
t
th
 iteration step. 
Then new cluster centroids zj are computed at (t+1)
th
 iteration 
  
     
  
 
| 
 
   
|
∑          
   
 
                                          (3.8) 
Where Si is the clustered group particularly at t
th
 iteration with its subject xj. 
We need to note that k-means clustering is differentiated from hierarchical clustering 
due to its dynamic iterative strategy. In k-means new cluster centroids are calculated 
at each step. This illustrates a dynamic approach at creating clusters. In case the 
initial centers of each clusters are given then it is called controlled k-means. 
Controlled k-means is an upgraded version of generalized k-means. This time 
algorithm starts with initial centroids for the iterative calculations.  
3.1.3.3 Fuzzy clustering 
Fuzzy clustering is the clustering method that is derived from fuzzy logic. According 
to fuzzy logic, true and false expand into an interval [0, 1]. This characteristic lets 
fuzzy sets to have an opportunity each subject be an element of more than one 
cluster. 
Because of the mentioned characteristic above, a so-called cluster membership grade 
(ukj – membership value of j
th
 subject to k
th
 cluster) of each subject is calculated. This 
grade is a value in the interval [0,1], and the goal is to optimize the value of the 
objective function J. 
           ∑ ∑ (   )
 
   
 
   
 
   ,        (3.9) 
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where m is defined as the fuzzifier [36] which is mostly set to 2 and effects the final 
membership distribution. Dkj, is the distance measure which was described as in 
similarity measurements [39]. U, Z and X are the constraints of the subject. 
3.1.4 Interpretation, testing and replication 
According to [40] the most frequently used clustering strategy is randomly dividing 
the study sample into two halves and repeat cluster analyses for each. If the clusters 
are stable, a similar cluster structure should be obtained in each half of the sample. 
Furthermore, applying different clustering methods to the same data set and 
comparing them may be another approach.  
On the other hand even after careful analysis of a data set and the determination of a 
final cluster solution, we have no assurance of having arrived at a meaningful and 
useful set of clusters. A cluster solution will be reached even when there are no 
natural groupings in the data [42].  Hence there must be some tests to prove validity 
of the cluster solutions.  
Tests may need to be adjusted according to the clustering method as well. A validity 
measure which measures the compactness of the clusters can be defined. In [30] it is 
called compactness-separation criteria and defined as 
  
      
      
                (3.10) 
Here Mintra is intra cluster distance, which means distance sum of subjects located in 
that cluster, and calculated as 
       
 
 
 ∑ ∑ ‖     ‖
 
    
 
                (3.11) 
where x is the subject and zi is the center of i
th
 cluster. Minter is inter cluster measure 
which means minimum distance from one cluster to another which can be obtained 
according to  
                  ‖      ‖
 
 .                    (3.12) 
where zi and zj are i
th
 and j
th
 cluster centers. The goal is to minimize the value of V , 
to have the most compact and separated cluster outputs. This objective can also be 
used to find the optimum number of clusters.  
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During empirical tests of clustering, it is also desired to determine the approximate 
amount of clusters for later comparisons. This criterion can be applied to any 
clustering technique. Furthermore, because fuzzy c-means let subjects to be included 
in different clusters, specific validity indices for fuzzy c-means are given in various 
resources [37]. 
3.2 Grouping Mobile Users 
As mentioned in digital divide section, a questionnaire was applied to various mobile 
users in Istanbul to have raw data for the purpose of predicting mobile users’ data 
demand. In next sections, applications of clustering steps in this thesis will be shown 
for the specified purpose and mobile user, respondent or subscriber are used as 
synonyms to each other. Clustering algorithms were executed in MATLAB version 
R2008b. Necessary steps especially data preparation, stability check and validity 
check phases were encoded. In clustering phase on the other hand, for hierarchical 
method and k-means, implemented functions were used. 
3.2.1 Clustering questionnaire data 
3.2.1.1 Preparation of input data 
A questionnaire is basically a data set that contains various questions answered by a 
human respondent. These answers may be for different data types such as text data, 
numeric data, numeric interval data, numeric ordinal data and binary data. Because 
of the respondents’ randomly selective characteristic and variety of data types: 
Clustering analyses and chosen methodology may differ from one questionnaire type 
to another [31].  
Data set from a questionnaire should not be used directly in clustering process. 
Because an unprocessed data set may contain some anomalies that should be 
prevented. Furthermore, all questions, which were asked, may not be in accordance. 
Some transformation, conversion and preparation techniques must be used [30] and a 
decision rule is required about whether all inputs are necessary or not. Therefore, as 
explained in the background section, raw data received from questionnaire was 
prepared for clustering steps first. 
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Some questions such as the question “reasons of using computer” text data was 
converted into numeric interval data by categorizing them within the range of total 
answers given, instead of every single reason, total amount of reasons is more 
valuable in this concept. Beside text to numerical data conversion, outliers (such as 
9,99 and/or 999 for special conditions) or missing values in the questionnaire should 
be eleminated. Such outliers create inconsistencies during similarity measurements 
and causes subjects to be measured as similar or dissimilar with each other. In 
studied questionnaire data, variables 9, 99 and 999 which were referred to “not 
answered” and/or “not known”, are re-assigned to 0 in order to prevent any probable 
inconsistencies. 
With such conversions and re-assignments, object amount in the data set decreased to 
48 clear answers, without any loss of information, from 100 optional answers which 
contain missing, improper, separated or outlier answers because of the nature of a 
questionnaire. 
3.2.1.2 Standardization, clustering and testing 
Studied questionnaire data set had mixed data types. In such cases standardization is 
suggested since it provides more sustainable input for similarity measures. During 
our clustering process we either used a standardization method or not. Validity of 
both cases were tested. But in studied data set answers to different questions, was 
containing different data types (such as binary data for respondent’s gender), in 
different ranges (such as max 13 spoken languages or max 30 reasons of Internet 
usage). Therefore we had to use Euclidian distance as the measure of association. 
It is planned to determine the level of digital literacy in three levels. In the literature, 
there are no specified rules about determining exact amount of clusters. By 
determining minimum value of compactness and separation criteria it was managed 
to find optimum cluster amounts for specific clustering methods. However even 
though optimum amount of clusters may be found, determining the number of 
clusters a-priori provide more necessary and meaningful output then expecting a 
proper amount of clusters by empirical methods. Therefore at the end, we wanted to 
see three clusters named as: 
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1) Digital literates,  
2) Digital immigrants, and  
3) Digital illiterates.  
Cluster analyses have been applied to both real and synthetic data sets. Synthetic data 
sets were created as small and large data sets with little and high noise. Small 
synthetic data set with 21 subjects were originally clustered which were separated in 
different sizes. Adding little or high amounts of noise didn’t differ and applying 
specified clustering algorithms gave so precise and highly correct results with the 
real clusters of the subjects. Then large synthetic data has been created with the same 
amount of subjects with the real data (1140) and again tested for validation of 
clustering algorithms.  
After our algorithm was verified by the tests on synthetic data, questionnaire data 
that was collected from 1140 distinct respondents was standardized and clustered. 6 
clustering techniques; pure k-means (METHOD1), z-score k-means (METHOD2), 
USTD k-means (METHOD3), hierarchical clustering (METHOD4), controlled k-
means (METHOD5) and fuzzy c-means (METHOD6) techniques have been used. 
Respondent percentages of clusters per cluster technique are given in Table 3.2. 
As known, outputs of the clustering algorithms should be tested. [41] states there 
should be at least four or five times as many observations as the variables to be 
analyzed. In our data set, which is based on 48 objects/answers, by considering 5 as  
Table 3.2 : Assigned clusters and their sizes 
 
Digital 
Literates (%) 
Digital 
Imigrants (%) 
Digital 
Illiterates (%) 
METHOD1 23 35 42 
METHOD2 51 26 23 
METHOD3 51 26 23 
METHOD4 31 35 34 
METHOD5 23 35 42 
METHOD6 32 24 44 
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Table 3.3 : Comparison of clustering methods 
 
METHOD
1 
METHOD
2 
METHOD
3 
METHOD
4 
METHOD
5 
METHOD
6 
METHOD1 1 0 0 0 0 0 
METHOD2 0.58 1 0 0 0 0 
METHOD3 0.58 1.00 1 0 0 0 
METHOD4 0.84 0.56 0.56 1 0 0 
METHOD5 0.99 0.57 0.57 0.84 1 0 
METHOD6 0.85 0.59 0.59 0.78 0.84 1 
the reliability constant, 48×5= 240 subjects are sufficient to properly cluster and 
analyze. Based on this, stability of the outcomes has also been compared (Table 3.3). 
Not surprisingly, all clustering techniques applied to standardized data set and all 
clustering techniques applied to non-standardized data set were found out to be 
similar.  
3.2.1.3 Validation and choosing the best method 
Comparison of clustering methods was the way of measuring stability of the 
clustering analysis. But even though stability test has given proper values, validation 
of analysis outcomes was still needed. Not only the compactness and separation 
criteria was used to test the cluster results. A novel validation method was proposed 
which uses specifically chosen objects within studied questionnaire. Those selected 
objects are listed in Table 3.4. They are related with and can reflect the digital 
literacy (digital gap) of participants to determine and quantify digital divide.  
Table 3.4 : Chosen objects for validation 
 Question ‘Yes’ ‘No’ 
1 Having a cell phone ? 1 0 
2 
Did you chose the model and technical 
properties of your cell phone ? 
1 0 
3 Usage of 3G ? 1 0 
4 Mobile internet connectivity ? 1 0 
5 Computer Usage ? 1 0 
6 Fixed Internet Usage ? 1 0 
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As for the proposed validation algorithm, the first step is to calculate all cluster 
centroids and their Q values with respect to specified objects of the studied 
questionnaire. Here Q is the predisposition of clusters and can be calculated as  
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                     .         (3.13) 
Where we consider six objects (L=6) and (k=3) clusters. Following this step, 
according to Q values, clusters satisfying the conditions (3.13), (3.14) and (3.15), are 
assigned to the expected clusters: digital literates, digital immigrants and digital 
illiterates, 
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Assigning cluster labels and determining the amount of respondents within a cluster, 
enabled calculating a validation ratio by exposing how much a subject is really 
suitable to be included in the corresponding cluster. For the digital divide concept in 
this thesis, with respect to the objects and the variables, the assigned cluster label was 
considered correct if one of the below conditions was satisfied  
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As such a Q-valued validation method was proposed. For the absolute validation, Q-
values and inverse “compactness and separation criteria” value (V-1) were used to 
reach a final acceptance value. Participants, who were clustered by METHOD2 and 
METHOD3 clustering methods, proved that they belong to the cluster they are 
naturally supposed to be with over 70 % of Q value. On the other hand, most 
compact and separated clusters were determined as METHOD4 and METHOD6 with 
their values above “1”.  
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By these validation values, to decide which cluster methods are best to separate the 
most compact and correctly allocated clusters; we multiplied our validation ratio with 
inverse V with same weight as an acceptance value. According to the observed 
results, METHOD4 and METHOD6 are the best clustering methods to use in our 
concept (Table 3.5). Furthermore, Table 3.6 shows the distribution of digital literacy 
through METHOD4 and METHOD6 clustering methods by neighborhoods in 
Istanbul. According to these results, one can notice the spatial distribution of digital 
literacy differs with respect to the clustering methodology.  
Now as mobile users were clustered, their mobile usage behaviors may be analyzed 
to map them into potential data demands. Correlation of SINR, a typical QoS related 
channel parameter, and mapped data demand is described below. 
3.2.2 Determination of mobile users’ data demands 
We studied differentiating mobile users and their data demands by clustering 
questionnaire responses. 6 clustering methods were executed and maximum 
acceptance was provided by Ward’s method.  
Finally, respondents were grouped and geolocationally labeled in three main clusters, 
which are so called; digitally literate, digitally moderate and digitally illiterate. 
Grouped respondents were mapped to average data demands and given for different 
simulation setups in Chapter 5. Average data demands have been determined 
according to question answers such as 3G usage, online streaming and social media 
Table 3.5 : Clusters’ validations 
 Q-value V
-1
 Acceptance 
METHOD1 0.58 0.0428 0.02500 
METHOD2 0.76 0.6950 0.53041 
METHOD3 0.76 0.6950 0.53040 
METHOD4 0.66 1.3285 0.87285 
METHOD5 0.58 0.0428 0.02490 
METHOD6 0.56 1.2625 0.71099 
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Table 3.6 : Digital Literacy for the first 5 neighborhoods. 
METHOD4 
Neighbor. No 
Digital 
Illiterates 
Digital 
Immigrants 
Digital 
Literates 
1 2 16 16 
2 3 12 14 
3 4 17 11 
4 11 10 13 
5 14 14 11 
METHOD6 
Neighbor. No 
Digital 
Illiterates 
Digital 
Immigrants 
Digital 
Literates 
1 4 15 15 
2 6 7 16 
3 9 9 14 
4 14 9 11 
5 19 7 13 
usage etc. Digitally literate is the group that is frequently using ICT in their daily 
life, a sample respondent i who needs highest data transmission Ti  is in this group. 
Digitally moderate, is the group which is using ICT but not that often, a sample 
respondent in this group is mapped to moderate Ti in the rest of the article. Digitally 
illiterate, is the group which is not using any ICT so any mobile services or even 
barely aware about daily ICT opportunities. A sample respondent in this group is 
mapped to the lowest Ti.  
As a consequence, our approach in this work, will be using data usage information 
which provides approximate maximum data need of geographically known 
individuals. We will name clustered respondents’ data need Ti Mbps where i will be 
the mobile user exemplified as one of the clusters’ user and Ti will be assumed to be 
known a priori. Then by correlating Ti with SINR, we will try to optimize mobile 
cellular network by minimizing total mobile power consumption. 
In the literature capacity and SINR relation were used for different optimization 
problems. One of them is capacity optimal resource allocation discussed in [19]. 
There, the capacity optimal resource allocation problem is formalized as: 
           {         }       (3.20) 
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where U is the scheduling vector of resource slots, P is the transmit power vector to 
transmit resource slots and C(U,P) is the capacity function based on U and P in the 
same communication link. C(U,P) is defined as below: 
         
 
 
 ∑    (       [ ]    )
 
      (3.21) 
where N is the number of users in the network and SINR is the signal to noise ratio. 
In [45] the same capacity equations were used to address the problem of capacity-
optimal resource allocation in the form of multicell power control and scheduling 
while authors are investigating upper and lower bounds on the maximum network 
capacity. 
In another optimization study, [1] uses below sum-of-rates capacity to maximize the 
information capacity of the uplink of single cell multi user communication network: 
       
 
 
  [       ∑     
   
    ]       (3.22) 
where Cnpc is no power controlled channel capacity, E[·] is the expectation operator, 
K is the number of users in the network,  SNRi is the signal to noise ratio level of the 
i
th
 channel. Similarly [46] studies a closed form throughput formula where system 
throughput is defined as directly proportional with the channel SINR. 
All of the mentioned studies above reveal that in an idealized network conditions; 
channel or network capacities increase or decrease directly proportional with that 
channel’s SINR level. Therefore as an idealized system, Shannon capacity formula 
may be used to reflect the channel capacity with respect to the SINR level in that 
channel. As known, Shannon capacity equation is: 
                                                  (3.23) 
Here, C is the maximum capacity limit of a particular transmission line with its B 
bandwidth and SINRi. From this perspective, by considering C as the maximum 
throughput of such mobile, assuming C ≈ Ti that we reached through digital divide 
analysis and B is the 1.25 MHz bandwidth for CDMA [47], optimizing C 
equivalently means optimizing SINRi which provides data demand Ti. It means that 
in case we keep SINR level of a particular mobile, we keep its throughput always 
above its data demand: 
         
  
 ⁄                                    (3.24) 
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SINRi of mobile i  is defined as below: 
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                     (3.25) 
where PT is transmit power, d is communication path distance, γ path loss 
component, S is shadow fading, g is Rayleigh fading, KS is CDMA gain and n is the 
AWGN for the i
th
 MS and k
th
 MS accordingly. 
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4. OPTIMIZATION 
In previous chapters background information on digital divide and clustering was 
given with their results and usage in this work. Now as the third step, optimization 
will be explained. In this section, first, definition of optimization will be given. Then 
basic terminology of optimization will be provided. By the help of these explanations 
optimization concept given in the rest of the thesis will be clarified for the reader. 
After that, convex optimization will be defined as well as convex sets, functions and 
convex cones. At the end, standard form of convex optimization will be provided and 
geometric programming which is the optimization method used in this thesis will be 
defined.  
After such optimization background, literature review on optimization techniques 
used in wireless communication should be given to the reader. Following the 
literature review, system model and application of optimization techniques in this 
thesis will be provided. At the end of this chapter, adaptive modulation and coding 
will be defined with respect to its usage in the literature and in the thesis. Then the 
proposed sufficient modulation and coding to have a vision for the simulation results 
of Chapter 5. 
In this section and following sections giving a background for optimization and  
convex optimization, [50] will be mainly referred as this thesis was inspired by [44]. 
Therefore for further and much detailed  equations and instructions on convex 
optimization [50] may be referred. 
4.1 Optimization and Basic Terminology 
In literature optimization or more precisely mathematical optimization is defined 
with the below form:  
Minimize        
subject to                             (4.1) 
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Here, in this Chapter, the vector x = (x1, … , xn) is the optimization variable of the 
problem which is different than the subject x mentioned in previous sections. The 
function f0 : Rn → R is the objective function, the functions fi : Rn → R, i = 1, . . . ,m, 
are the (inequality) constraint functions, and the constants b1,…,bm are the limits, or 
bounds, for the constraints. In case the vector x* has the smallest objective value 
among all vectors that satisfy the constraints, then it is called optimal, or a solution of 
the problem in (4.1). 
An optimization problem is an abstraction of the problem of making the best possible 
choice from all possible choices. The variable x represents the choice made; the 
constraints fi(x) ≤ bi represent firm requirements or specifications which limits 
possible choices. Objective value f0(x) represents the cost of choosing x. A solution 
of the optimization problem corresponds to the choice which has the minimum cost 
or maximum utility within all possible choices meeting the firm requirements. 
Terminology of an optimization requires revising the notation we used in (4.1) 
because in the next chapters different type of constraints will be used. Therefore we 
can redefine an optimization problem as in (4.2): 
           Minimize        
         subject to                        
                                                                                          (4.2) 
Here, as mentioned before x is the variable that represents the choice we made. 
Describing the problem of finding an x that minimizes f0(x) among all x that satisfy 
the conditions fi(x) ≤ 0, i = 1, . . . ,m, and hi(x) = 0, i = 1, . . . , p. We call x   Rn the 
optimization variable and the function f0 : Rn → R the objective function or cost 
function. 
The inequalities fi(x) ≤ 0 are inequality constraints, corresponding functions fi : Rn → 
R are the inequality constraint functions. The equations hi(x) = 0 are called the 
equality constraints, and the functions hi : Rn → R are the equality constraint 
functions. 
The points which the objective and all constraint functions are defined in (       
and       ) is the domain of the optimization problem and stated with D below. 
            ⋂       
 
      ⋂       
 
                (4.3) 
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An optimization variable x   D is feasible if it satisfies the constraints fi(x) ≤ 0, i = 1, 
…, m, and hi(x) = 0, i = 1, . . . , p. The problem (4.2) is feasible if at least one feasible 
point exists, otherwise it is infeasible. The set of all feasible points is called the 
feasible set or the constraint set. The optimal value x* of the problem (4.2) is defined 
as x* = inf {f0(x) | fi(x) ≤ 0 , i = 1, . . . ,m and hi(x) = 0, i = 1, . . . , p} . 
4.2 Convex Optimization 
Optimization problems are generally considered as families or classes which are 
characterized by particular forms of the set of objective functions and constraint 
functions. Optimization problems are defined in two main groups, which are linear or 
nonlinear. If the objective function and constraints f0, . . . , fm are linear, it is called 
linear optimization problem. In a linear optimization, objective or constraint 
functions i.e. all satisfy such a below equation: 
                                 (4.4) 
for all x, y   Rn and all α, β   R. Otherwise it is called a nonlinear program 
(nonlinear optimization problem). 
A convex optimization problem is an optimization problem that the objective and 
constraint functions are convex. This means such a below inequality should be 
satisfied: 
                                (4.5) 
Here, for all x, y   Rn and all α, β   R with α+β = 1, α ≥ 0, β ≥ 0.  
A convex optimization problem is formed as below: 
Minimize        
subject to           ,  i = 1, . . . ,m  
  
        ,  i = 1, . . . , p,                (4.6) 
where f0, . . . , fm are convex functions. Comparing (4.6) with the general 
optimization problem form in (4.1), the convex problem has three additional 
requirements: 
• the objective function must be convex, 
• the inequality constraint functions must be convex, 
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• the equality constraint functions       =   
       must be affine. 
NOTE: A set C ⊆ Rn is defined as affine if the line through any two distinct points in 
C, lies in C, 
As seen also from the equations, the feasible set of a convex optimization problem is 
convex, because domain of the problem intersects and creates a convex set, with m 
sublevel sets {x | fi(x) ≤ 0} and p hyperplanes {x |   
       } which are again 
convex. Thus, in a convex optimization problem, it is obvious that we minimize a 
convex objective function over a convex set. 
In case (4.4) and (4.5) are compared, we realize that convexity is more general than 
linearity. Because inequality brings more flexibility in comparison to the equality 
with respect to the certain values taken by α and β. Any linear program is therefore a 
convex optimization problem and we can consider convex optimization to be a 
generalization of linear programming or linear programming problem is a special 
case of the general convex optimization problem. 
4.3 Convex Sets and Convex Cones 
A set of points is defined as convex set (Figure 4.1) if all points in the set can be seen 
by every other point, along an obstructed straight path between them, where 
unobstructed means lying in the set.  
 
Figure 4.1 : An hexagon (left) convex with full boundary and set of convex points. Kidney  
                    shape (middle) and unbounded square (right) are non-convex sets. ( [50],pp 24) 
We call a point of the form θ1x1 + · · · + θkxk, where θ1 + · · · + θk = 1 and θi ≥ 0 , i = 
1 , ... , k, a convex combination of the points x1 , …  , xk. A convex combination of 
points can be thought of as a mixture or weighted average of the points, with θi the 
fraction of xi in the mixture. Below, denoted as conv C, the convex hull (Figure 4.2, 
all convex combinations of points in C may be found: 
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conv C = {θ1x1 + · · · + θkxk | xi   C, θi ≥ 0, i = 1, . . . , k,  
                                                                                           θ1 + · · · + θk = 1}.      (4.7) 
The convex hull conv C is always convex. It is the smallest convex set that contains 
C. Any convex set A, that contains C, may be shown as C ⊆ A. 
 
Figure 4.2 : Convex hull samples as fifteen points of pentagon (left) and extended 
  kidney shape (right) ( [50], pp. 24 ) 
The idea of a convex combination can be generalized to include infinite sums, 
integrals and in the most general form, probability distributions. Suppose θ1, θ2, . . . 
satisfy 
                                       ∑      
 
    ,              (4.8) 
and x1, x2, . . .   C, where C ⊆ Rn is convex. Then 
          ∑         
 
    ,      (4.9) 
if the series converges.  
More generally, suppose p : Rn → R satisfies p(x) ≥ 0 for all x   C and 
∫              , where C ⊆ R
n
 is convex. Then; 
              ∫              
 
 ,                (4.10) 
if the integral exists. 
Cone or nonnegative homogeneous, is the set C, if for every x   C and θ ≥ 0 we have 
θx   C. A set C is a convex cone in case that cone is convex, which means that for 
any x1, x2   C and θ1, θ2 ≥ 0, we have 
                                                   θ1x1 + θ2x2   C  .                        (4.11) 
A point of the form: 
         θ1x1 + · · · + θkxk with θ1, . . . , θk ≥ 0                            (4.12) 
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is called a conic combination (or a nonnegative linear combination) of x1, . . . , xk. If 
xi are in a convex cone C, then every conic combination of xi is in C. Conversely, a 
set C is a convex cone if and only if it contains all conic combinations of its 
elements. Like convex combinations, conic combination can also be generalized to 
infinite sums and integrals. 
The idea underlies in convex optimization is finding the optimum solution set by 
using convex functions and convex cones. Convex constraints (convex functions) in 
a convex optimization creates convex hulls and convex cones which optimization 
algorithm iteratively searches and fined the optimum value within. 
4.4 Geometric Programming 
Recognizing a convex function is solely difficult. Beside it, for the problems without 
convex functions there are many tricks to transform them into convex problems. 
Recognizing convex optimization problems, or those that can be transformed to 
convex optimization problems, is therefore challenging. 
In this work, a family of optimization problems geometric programming will be 
used. Geometric programs are not convex in their natural form and should be 
transformed to convex problems by changing some variables, transforming object 
and constraint functions. Therefore to understand what geometric programming is, 
first monomials and posynomials that are used to form a geometric programming, 
should be explained.  
A monomial function, or simply, a monomial is the function f : Rn → R with dom f = 
Rn++,  
                                                            
    
     
                (4.13) 
where c > 0 and ai   R. The exponents ai of a monomial can be any real numbers but 
the coefficient c can only be positive. 
Beside that a sum of monomials, for example in the form of (4.13) a function below: 
                                           ∑     
     
      
    
                             (4.14) 
is called a posynomial function (with M terms), or simply, a posynomial (where ck > 
0). 
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Posynomials are closed under addition, multiplication, and nonnegative scaling. 
Monomials on the other hand are closed under multiplication and division. Therefore 
in case a posynomial is multiplied by a monomial, it is a posynomial; a posynomial 
divided by a monomial, then it is again a posynomial. 
In this case, a geometric program (GP) may be defined as the optimization problem 
with the below form: 
 Minimize        
 subject to                        
                                                                 (4.15) 
where f0, . . . , fm are posynomials and h1, . . . , hp are monomials. The domain of this 
problem is D = Rn++ ; the constraint x ≻ 0 is implicit. 
4.5 Transforming Geometric Program Into Convex Form 
As mention before geometric programs are not (in general) convex optimization 
problems, and they should be transformed to convex problems by a change of 
variables and a transformation of the objective and constraint functions. 
If f is the monomial function of x given in (4.13),  
         
    
     
   ,         (4.16) 
then using variables conversion as       
   and as yi = logxi, (4.13) is transformed 
into: 
                        
                               
    
                              (4.17) 
where b = logc. Changing the variables yi = log(xi) turns the monomial function 
(4.13) into the exponential of an affine function. In the similar way, the posynomial 
function given (4.14), 
                   ∑     
     
      
    
        (4.18) 
may be converted by the same variable conversions into: 
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                                                       ∑  
  
     
    ,                      (4.19) 
where ak = (a1k , … , ank) and bk = logck. After the change of variables, a posynomial 
becomes a sum of exponentials of affine functions. 
Now the geometric program stated in (4.15) can be expressed in terms of the new 
variables as below: 
      Minimize  ∑     
        
    
      subject to  ∑     
        
    ≤ 1, i = 1, . . . ,m 
                                                  
      = 1, i = 1, … , p                       (4.20) 
where aik   R
n
, i = 0, … ,m, contain the exponents of the posynomial inequality 
constraints, and gi   R
n
, i = 1, …  , p, contain the exponents of the monomial equality 
constraints of the original geometric program. 
After this, taking the logarithm, transforming the objective and constraint functions 
converts the problem into below form: 
         Minimize  ̃         (∑  
   
        
   ) 
         subject to  ̃        (∑  
   
        
   ) ≤ 0, i = 1, . . . ,m 
     ̃      
  
      = 0, i = 1, . . . , p   .                   (4.21) 
Now with these last conversions because the functions   ̃ are convex, and   ̃ are 
affine, problem became a convex optimization problem and in the literature it is 
referred as a geometric program in convex form.  
In the next chapters, it will be noticed that inequality constraints are posynomials and 
equality constraints are monomials. Beside that, when constraints will be defined, 
these conversions will be used to convert object and constraint functions of SINR. It 
will be noticed that the objective function “maximize SINR” in AMC and the 
constraint function “        , where c is a defined equation” in SMC are 
posynomials, but their inverse are not. SINR should necessarily be converted into 
convex form to state a geometric program. Inverse SINR and minimizing it is  
equivalent to the original problem. Therefore in simulations of this work, geometric 
programming is used. 
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4.6 Literature Review about Wireless Network Optimization 
Resource optimization techniques, primarily power and energy consumption 
minimization, are becoming increasingly important in wireless systems and networks 
design [43]. Because while data demand is continuously increasing, mobile locations 
and channel propagations are also changed in complex mobile systems. In this 
manner, with this thesis, power optimization by minimizing consumed mobile 
transmit power in an SINR controlled environment is studied. Finding optimum 
SINR level while minimizing total consumed power, needs efficient and quick 
optimization methods for further realistic implementations. There are several 
methods already investigated in literature for several optimization purposes [14-21, 
25]. 
Game theory is a mathematical tool which has been used in a variety of fields such as 
economics, political science and biology. It considers any system as a game that 
consists of three components. First of them is a set of players. Game theory is used 
for analyzing the interaction of two or more decision makers in a game [25]. Second 
and third are the strategy and the utility function that maximizes the advantage of 
each player. Competing players pursue maximizing their own utility, based upon 
certain actions they can take [19]. Such an approach caused game theory to be 
applied on several problems in communications. One of them is wireless resource 
allocations, especially in data rate or transmit power optimizations. As decision 
makers have no knowledge about the other players in a wireless network, then it may 
be called non cooperative game and game theoretic approaches are applied. Because 
in wireless communication networks researchers must eventually study natural 
interactions between mobile users. 
[19] studies optimizing wireless resources in an interference limited multicellular 
networks such as ad-hoc and mobile networks. It is studied via joint power allocation 
and channel-aware user scheduling in view of maximizing the sum of user rates. To 
allocate resources effectively: Game Theoretic Resource Allocation, “On-Off” Power 
Allocation and Iterative Power Allocation are discussed. They are all compared 
according to “Network capacity” vs. “Number of Users” in a 19 cells multicellular 
system. Iterative approaches are the methods consecutively calculate and continue to 
the next step until global optimum solution is reached. For large scale simulation 
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environments and complex wireless systems, well designed iterative optimization 
algorithms work smoothly. Therefore such algorithms are mostly used to target the 
network wide objective function in multicellular communication networks.  
In [20] two power allocation methods concerning weighted sum rate maximization 
and max-min weighted rate optimization are considered for wireless networks. 
Because of these methods’ nonconvex nature, iterative difference of two convex 
functions/sets (D.C. Programming) structure is studied to shorten practical 
optimization time and ease the complexity of the optimization. According to research 
results, it is demonstrated that studied iterative methods are much more simpler and 
quicker on reaching global optimal solutions in comparison with the previously 
proposed works. By D.C Programming, efficiency is provided by 17 iterations 
instead of 4500 iterations in previous works. In [21] a distributed iterative algorithm 
is presented to solve a network utilization maximization (NUM) problem. The utility 
function defined by data rate and reliability is optimized. But as known well, enough 
power and bandwidth resources are the major limited resources in wireless 
communication. Therefore considering the power dependent link capacities, NUM 
object function is taken as maximizing aggregate sum of the utilities of sessions. 
Here the utility of sessions is defined by data rate, transmit power and the average 
delay.  
Another optimization approach is using geometric programming in wireless 
communication. There are two equivalent forms of Geometric Programming, one is 
the standard form and the other is the convex form. Geometric programming is one 
of the most efficient optimization methods to determine the global optimum results 
of the studied resource. By convex optimization methods researcher determine the 
feasibility or infeasibility of mobile constraints. In [16] geometric programming is 
used to compute a variety of resource allocation efficiently in a wireless network. 
Also [17] studies joint optimization problems in CDMA data networks, by using 
convex optimization techniques. There, simultaneous routing and resource allocation 
(SRRA) problem is formulated in convex form for wireless data networks and 
optimal performance is tried to be achieved for CDMA system in interference limited 
and no interference limited modes.  
This thesis will be built on the bases of [44] where convex optimization methods are 
used to maximize SNR in a no fading limited CDMA system. CDMA system model 
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with realistic channel conditions such as Rayleigh fading and shadow fading will be 
joint with mobile users’ channel capacity needs. 
4.7 System Model, Constraints and Sufficiency 
In previous chapters background on digital divide and clustering techniques were 
given. Afterwards definition of optimization with optimization methods used in 
wireless communication was provided. Beside, determination of mobile users’ data 
demand and usage of SINR correlating with data demand were described. 
In this section, system model used in simulations will be given, then Ergodic 
capacity will be defined to express how Adaptive Modulation and Coding is used in 
the thesis and at the end what is so-called Sufficient Modulation and Coding will be 
explained. 
4.7.1 System model  
We will use the system model as in [9]: 
       √                             (4.22) 
here τi is the transmitted signal of the i
th
 mobile station (MS) that finally forms 
received signal yi at the received edge, PT is the transmitted signal’s power and ni is 
the zero mean additive white Gaussian noise (AWGN) with variance N.  
Transfer function of system is hi and modeled as:  
     √                                 (4.23) 
where PLoss is the path loss component, Si is the shadow fading component and gi is 
the fast fading component of the system. Transfer function introduces the gain or loss 
for the transmitted signal. 
Propagation model PLoss in (22) is defined as below: 
                                           (
 
  
)
 
         (4.24) 
where d is the path distance between transmitter and receiver and d0 is the reference 
distance for the antenna far field. γ  is the path loss exponent which will be taken as 
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2.8 for urban propagation with high base station transceiver (BTS) antenna according 
to [48]. 
Mobile signal fading of the system which is defined by gi of (4.21) is accepted to 
have the same fading characteristics as in Rayleigh channel which follows the 
Rayleigh distribution given below [49], 
            
 
  
 
   
   
⁄
 , x ≥ 0          (4.25) 
where Ω2 is the variance of the Rayleigh distribution. 
Finally shadow fading component, Si will be log-normally distributed, its probability 
density function (PDF) may be given as below. 
                                    
 
    √  
  
            
 
   
 ⁄
 , Si ≥ 0          (4.26) 
here σi is the standard deviation of 10log10Si and the mean of  10log10Si is assumed to 
be zero. σi will be taken 8.0 as Istanbul is considered to be more dense than San 
Francisco Bay Area [48] and BTS antenna heights are much higher than referred 
13.3 m. 
4.7.2 General system constraints 
Convex form of geometric programming solves convex objective functions and 
constraints [50]. As we may turn our objective functions and/or constraints into 
convex equations and inequalities, convex optimization method will be used to solve 
our optimization problems. In this section, general system constraints will be given. 
System constraints are delimiters of the objective function which we are trying to 
optimize. 
As we will work on comparison of mobile power consumptions in different 
modulation schemes, we will first define upper and lower bounds of the mobile 
power usages: 
                              (4.27) 
which 0.5 Watt (W) is the typical upper bound of mobile transmit power in Universal 
Mobile Telecommunication System (UMTS). 
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After defining upper and lower bounds for transmit power, we should also guarantee 
the Quality of Service (QoS) for all users in the system that we optimize or not. 
Therefore we should set a lower bound SINR threshold which may be defined as 
SINRLB , SINRk SINR of the k
th
 MS other than we optimize, should be kept over this 
SINRLB: 
              .         (4.28) 
Beside that, total interference caused by the other mobile stations from the one we 
optimized for, should be limited by an upper bound such as IMAX  below: 
∑   
   (
  
  
)
 
  |  |
   
                                    (4.29) 
here PT
k
 is the k
th
 MS transmit power, dk is the path distance between the kth MS and 
the BTS, Sk and gk are the shadow fading and fast fading coefficients of the kth MS 
respectively. ni is AWGN and KS is the spreading gain for CDMA which its inverse 
Ks
-1
 is the power decrease ratio for the interference effect of k
th
 mobile link. 
Finally a very remarkable constraint should be considered particularly for CDMA 
perfect power control. It is defined by an equality between the received power PR of 
mobile stations other than we optimize. On the other hand we should keep all those 
PR above a minimum received power threshold PR,MIN, just to keep satisfying other 
mobile station QoS. 
  
       
               (4.30) 
  
                    (4.31) 
 
4.7.3 Ergodic capacity with adaptive modulation and coding 
To express what Adaptive Modulation and Coding and how it is used in this thesis it 
is a need to define what Ergodic capacity, what is its relation with AMC. Ergodic 
capacity is the maximum long-term achievable rate averaged over all states of a time 
varying channel [55]. As know and explained in (3.23), Shannon capacity 
formulation over an AWGN channel is as below: 
                                                   (4.32) 
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In this case, as the SINR is the instantaneous SINR, capacity given is instantaneous 
as well. In the case that we study in this thesis, system is modeled on a fading 
channel and SINR is a random variable, further than the instantaneous SINR and 
channel capacity we have random channel characteristics changing through time. 
Therefore ergodic channel capacity may be defined as: 
  ∫                                            (4.33) 
where γ is SINR of the ith mobile user and the other variables are again as stated for 
(3.23).  
Ergodic capacity is the key theoretical element in the usage of AMC. AMC is one of 
the key enabling techniques in the standards for Third Generation (3G) wireless 
systems that have been developed to achieve high spectral efficiency on fading 
channels [51]. Main idea underlie AMC is deciding the best modulation and coding 
scheme according to channel conditions and ergodic capacity while adapting the 
overall spectral efficiency. Highest order modulation and coding scheme is decided 
by the base station with respect to channel feedback provided by the mobile terminal. 
This approach may be seen in Figure 4.3.  
AMC is one of the major techniques that struggles with large data demand and 
satisfies spectral efficiency by modulating transmission signal with respect to 
potential maximum SINR level. This adaptive approach, especially while using with 
power control [13], maximizes quality of service (by providing maximum 
throughput) and optimizes transmission power accordingly. Improved bit error rate 
(BER) performances [11] and throughput gains [47] are other benefits of AMC. It is 
used to support multiple rate transmission for different types of multimedia services. 
 
Figure 4.3 : Assignment of highest order modulation in AMC, decision making over 
            ergodic capacity. 
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As we generally speak as the wireless communication channels are fading and 
changing with time and location, higher average throughput is achievable by 
employing AMC instead of using fixed modulation and coding rate [52]. In [13], 
AMC performance has been tested according to the changes in mobile power 
consumptions. SINR has been correlated with data transmission rate T to measure the 
performance of AMC with/without power control and SINR balancing. Also [53] 
joins AMC with energy efficiency. It carries out some analysis on bandwidth, 
spectral, power efficiency and at the end they propose an energy efficient AMC 
scheme. 
Methodology of AMC is very well explained in [23] where the objective function is 
maximizing throughput for a particular MS, within a set of mobile stations. As we 
know the purpose of maximizing throughput is a reflection of maximizing SINR for 
a particular MS in the simulation system. It may be said that objective function in 
AMC is maximizing SINR. 
In this manner, objective function and constraints for AMC  may be listed as below: 
objective function        maximize SINRi                         (4.34) 
subject to                                (4.35) 
              (4.36) 
                       (4.37) 
∑   
   (
  
  
)
 
  |  |
   
                     (4.38) 
  
       
         (4.39) 
  
                (4.40) 
Now, as we defined AMC with its usage in the literature and we determined the 
objective function and constraints with respect to background information in previous 
sections we may proceed to SMC, another modulation and coding concept that is 
proposed in this work. 
4.7.4 Sufficient modulation and coding 
We suggest a deductive way for minimizing mobiles’ total power consumption by 
satisfying throughput needs of particular mobile users. Instead of investigating how 
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much SINR that a system can provide, we determine the SINR need of a particular 
user and satisfy this need before minimizing the mobile powers. Therefore a new 
modulation and coding approach so-called sufficient modulation and coding is 
proposed in this thesis. Using the benefit of knowing capacity needs a priori, much 
efficient resource allocations, particularly mobile power consumption in mobile 
cellular systems may be established. 
In SMC, optimization will be done through below objective function and constraints. 
Objective function in SMC is minimizing total consumption of  PT
i
 , the transmit 
power  of i
th
 MS in the system: 
objective function            minimize  ∑   
 
                     (4.41) 
subject to                        (4.42) 
                  (4.43) 
                 (4.44) 
∑   
   (
  
  
)
 
  |  |
   
                            (4.45) 
  
       
               (4.46) 
  
                      (4.47) 
and 
         
  
 ⁄       (4.48) 
In the last constraint, SINRi and Ti , respectively, are SINR and the throughput need 
of i
th
 MS which we optimize, B is the CDMA bandwidth as mentioned for (18). By 
this last constraint we force the system to satisfy SINR need of particular MS while 
satisfying the general constraints of the system. Then we minimize total power 
consumption in the system as much as possible. 
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5. SIMULATION RESULTS 
Scenarios and optimization given in the next chapters are constructed on [44] and 
derivated with digital divide concept and sufficiency in mobile users’ data demand. 
In both simulations same system model and general constraints mentioned in 
previous chapter are used. 
5.1 Power Optimization with and without SINR Control 
First it may be shown that SINR optimization rationally brings power efficiency to a 
non SINR controlled system. For this purpose we created a simulation environment 
with 5 mobile stations equally distant to same base station unaffected by Rayleigh 
and Shadow fading (Figure 5.1).  
 
Figure 5.1 : Illustration of first simulation environment 
To have a fair comparison: 
 All mobile stations are stated to 50 meters distance from the base station, 
 SINRLB varied in between -5 dB and 4 dB. 
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 To have a non-outage system, even while SINRLB is -5 dB, mobile users’ data 
demands Ti were chosen below 0.5 Mbps. Because -5 dB SINR level 
corresponds to 0.5 Mbps with CDMA bandwidth 1.25 MHz. 
As we correlate data demand with SINR, SINR control causes throughput (data 
demand) optimization. We suggest that in a no outage system, power consumptions 
of mobile stations decrease, even though we minimize power consumption of only 
one mobile station with respect to its optimized throughput. 
In this concept, our optimization algorithm and corresponding constraints may be 
given below. 
Objective function:   minimize ∑   
 
                (5.1) 
Subject to:         
                             (5.2) 
∑   
    (
  
  
)
 
   
                              (5.3) 
  
       
                      (5.4) 
  
                           (5.5) 
                                     (5.6) 
(5.6) applies to all mobile stations in a non SINR controlled system and for mobiles 
stations other than we optimize in an SINR controlled system. 
An additional constraint should be defined for the mobile station we optimize in an 
SINR controlled system. This constraint ensures the SINR level which the mobile 
user’s data demand lustrates. 
         
  
 ⁄                          (5.7) 
Pseudo code of this algorithm and first simulation setup may be found on Table 5.1. 
System variables may be found in Table 5.2. On the other hand, potential data 
demand for specific clusters are defined as: 
 Highest data demand, where mobile i is a digital litearate, 
             
 Randomly chosen as 475 kbps for mobile user 1, 
 Randomly chosen as 446 kbps for mobile user 5, 
 Moderate data demand, where mobile i is a digital immigrant,  
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 Randomly chosen as 303 kbps for mobile user 3, 
 Randomly chosen as 243 kbps for mobile user 4, 
 Lowest data demand where mobile i is digital illetrate,  
               
 Randomly chosen as 116 kbps for mobile user 2, 
Table 5.1 : Pseudo Code of the first simulation setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By selecting such data rates, we confirm our system is outage free. Because all SINR 
levels calculated from these rates are below -5 dB: -5.13 dB for mobile user 1, -11.72 
dB for mobile user 2, -7.29 dB for mobile user 3, -8.33 dB for mobile user 4, -5.44 
dB for mobile user 5. 
According to these SINR levels and varying SINRLB, total power consumptions were 
calculated in Table 5.3. 
As observed, this approach provides considerable decrease in the total power 
consumption (minimum ~350 mW. for any mobile station while SINRLB = 4 dB.). 
This decrease is obviously caused by providing sufficient SINR to one and only one 
selected mobile station at a time. In case we ensure SINR demands of all mobile 
users together, this leads much sharper decrease in total power consumptions. 
1:   Set # mobiles 
2:   Set CDMA spreading gain Ks 
3:    Position all mobiles and BTS 
4:    Set path loss exponent  ᵞ 
5:    Set constraint variables IMAX, PR,MIN 
6:    Set noise power σ 
7:   generate random capacity needs per clustered mobile user 
8:    repeat 
9:   repeat 
10:   repeat 
11:    define received power PR per mobile 
12:    calculate interference effects per mobile 
13:    consider constraints (47) , (48) and (52) 
14:    repeat 
15:     consider constraints (50) and (51) 
16:    for all mobiles other than we optimize 
17:    repeat 
18:     consider constraint (49) 
19:    for all mobiles 
20:    compute minimum sum of all mobile powers 
21:   until system is optimized for all mobiles 
22:  until SINRLB levels are considered from -5 dB to 4 dB 
23:  repeat all above without constraint (51) 
24: until Monte Carlo ends 
44 
 
 
 
Average total power consumptions of mobile stations vs SINRLB may be found in 
Figure 5.2. 
Table 5.2 : System variables 
Variable Value 
N 0.5 10
-6  W 
SINRLB [ -5 dB 4 dB ] 
KS 10 
IMAX 0 dB 
PR,MIN -90 dB 
B 1.25 MHz 
Table 5.3 : Power consumptions 
S
IN
R
L
B
 (
d
B
) 100 Monte Carlo, AVERAGE TOTAL POWER consumptıon (W.) 
W and W/O SINR CONTROL 
MS 1 MS 2 MS 3 MS 4 MS 5 
w w/o w w/o w w/o w w/o w w/o 
-5 
0.06 0.06 0.05 0.06 0.05 0.05 0.06 0.06 0.06 0.06 
-4 
0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.07 0.07 
-3 
0.09 0.10 0.09 0.10 0.09 0.09 0.09 0.11 0.09 0.10 
-2 
0.11 0.13 0.12 0.13 0.12 0.12 0.12 0.14 0.12 0.13 
-1 
0.15 0.17 0.15 0.18 0.15 0.16 0.16 0.19 0.16 0.17 
0 
0.20 0.23 0.21 0.24 0.21 0.23 0.22 0.26 0.22 0.24 
1 
0.27 0.33 0.30 0.35 0.30 0.33 0.30 0.37 0.31 0.34 
2 
0.40 0.50 0.44 0.53 0.45 0.51 0.45 0.56 0.46 0.53 
3 
0.66 0.82 0.73 0.90 0.74 0.87 0.74 0.93 0.75 0.89 
4 
1.33 1.70 1.49 1.90 1.51 1.86 1.51 1.93 1.53 1.88 
5.2 Power Minimization vs SINR Maximization 
A simulation environment was designed with 10 mobile stations. Three mobile 
stations (will be called 3 MS mode) were placed to different path distances as 5 m, 10 
m, 15 m and with different Ti  throughput needs as 0.1 Mbps for digitally illiterate 
mobile users, 0.5 Mbps for digitally moderate mobile users and 1.5 Mbps for 
digitally literate mobile users respectively. After that number of mobile stations are 
increased in the system one by one and power consumptions were determined for 
every single MS with respect to corresponding objective functions and constraints. 
Additional mobile stations were joined with the same delta difference (5 meters) and 
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with the repeating throughput needs (0.1, 0.5 and 1.5 Mbps). For all different MS 
modes, communication links were assumed to be established with one common BTS 
as in Figure 5.3. System variables may be found as listed in Table 5.4. 
 
Figure 5.2 : Average total power consumptions vs SINRLB , 3
rd
 mobile station 
 
Figure 5.3 : Average power efficiency vs SINRLB , 3
rd
 mobile station 
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Figure 5.4 : illustration of the second simulation environment 
An important remark that SINRLB is chosen always equal to the maximum SINR need 
of the mobile stations other than the one we optimize. Purpose of the SINRLB 
constraint is satisfying QoS of all mobiles and creating an outage free system. Lower 
SINRLB would cause transmission failure for one or more mobiles in the system.  
Table 5.4 : Chosen values in the scenario 
Constants Values 
N 0.5 10-6 W. 
γ 2.8 
σ 8.0 
SINRLB 
max(SINRk) , for all 
k ≠ i 
KS 10 
IMAX 0 dB 
PR,MIN -90 dB 
BW 1.25 MHz. 
Pseudo code of this algorithm and second scenario environment may be found below 
on Table 5.5 . 
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Table 5.5 : Pseudo code of second simulation setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
Simulations run for 4 different simulation channel characteristics and 1000 Monte 
Carlo iterations each. First, it was assumed that no fading (fast or slow) and no 
CDMA perfect power control exist. In second case, perfect power control was 
included but without any fading. In third, power control and Rayleigh fast fading 
were considered but no shadow fading. In fourth and the last, all channel 
characteristics were included to the simulation.  Different channel characteristics 
caused different infeasibilities in optimization results. Because of the nature of 
optimization algorithms, considerable amount of infeasibilities were observed for all 
channel characteristics. By eliminating the infeasible solutions from all simulation 
loops, various numerical results were obtained. Results were satisfactory to see and 
compare not only the effect of additional mobiles joining to the network, but also the 
effect of fading and perfect power control. 
Numerical results may be classified in two aspects that we already proposed in this 
paper. For our first proposal, as expected, SMC established sufficient SINR, instead 
of maximum SINR for optimized MS in AMC. This is seen clearly in Figure 5.4. As 
1:   repeat type 1 to 4 
2:  Set # of mobiles 
2:    Set CDMA spreading gain Ks 
4:     Set path loss exponent  ᵞ 
5:     Set constraint variables IMAX, PR,MIN 
2:  repeat 
3:     Position all mobiles and BTS 
6:     Set noise power σ 
7:    Set capacity needs per clustered mobile user 
 :  Set Rayleigh and/or Shadowing according to test type 
10:   repeat 
11:    define received power PR per mobile 
12:    calculate interference effects per mobile 
13:    consider constraints (47) , (48) and (52) 
14:    repeat 
15:     consider constraints (50) and (51) 
16:    for all mobiles other than we optimize 
17:    repeat 
18:     consider constraint (49) according to test  
       type 
19:    for all mobiles 
20:    compute minimum sum of all mobile powers 
21:   until system is optimized for all mobiles 
23:  repeat all above without constraint (51) and     
        maximize SINR levels of all mobile users instead of 
       step 20. 
24:  until Monte Carlo ends 
25: until all simulation channel characteristics are tested 
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an example while optimizing mobile station 3: AMC optimizes SINR of mobile 
station 3 at 20.70 dB level in 3 MS mode. On the other hand, SMC satisfies this 
mobile station’s SINR with its need 1.14 dB. Same behavior is observed in all MS 
modes. Even though additional mobiles join to the system, SMC keeps satisfying 
mobiles’ QoS by serving the same SINR level. In contrary, AMC keeps trying to 
maximize that particular mobile station’s SINR level in a decreasing context. 
Because every joining mobile station creates additional interference and forces 
maximum possible SINR levels decrease. In such condition AMC keeps increasing 
mobile stations’ transmit powers to maximize SINR which is unnecessary for 
specific mobile users. 
Observation of SINR is the reflection of Ti throughput needs of particular mobile 
users. Maximizing SINR with AMC means maximizing mobile user’s data capacity 
as much as possible. Figure 5.5 shows throughput performance of both AMC and 
SMC. As seen, AMC keeps maximizing data capacity of mobile station 3 as much as 
possible, but with every single mobile joining, provided capacity level also 
decreases. In 3 MS mode, AMC provides 8.61 Mbps maximum channel capacity to 
3
rd
 mobile user. 8.61 Mbps decreases to 3.45 Mbps level in 6 MS mode and 1.42 
Mbps in 9 MS mode. However, that particular mobile user needs 1.5 Mbps while 
AMC unnecessarily maximize mobile user’s throughput capacity. On the other hand, 
SMC keeps satisfying mobile user QoS by providing fixed 1.5 Mbps in all MS 
modes.  
This difference in data channel capacities, takes us to our second proposal. In Figure 
5.6, it is proven that sufficiency provides lower power consumption as well. In AMC, 
mobile station transmit powers are driven up to satisfy the maximum possible SINR 
level. In 3 MS Mode, total power consumption of mobile stations is measured as 0.58 
Watt approximately. In 6 MS Mode it increases to 0.80 Watt, because the 
interference effect is increased. This is seen clearer with the addition of new mobiles. 
In 9 MS mode, total power consumption of mobile stations is at 1.20 watt level. In 
SMC, mobile station transmit powers are kept at optimum level and provides 
sufficient data capacity for a particular mobile user. Because of low throughput 
needs, low interference effect and low BTS – MS distance in 3 MS Mode, only 4 
mW transmission power is consumed.  
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Figure 5.5 : SINR [dB] vs number of mobiles, optimizing only 3
rd
 mobile 
 
Figure 5.6 : Throughput [Mbps.] vs number of mobiles, optimizing only 3
rd
 mobile 
In contrast to AMC, a new MS does not significantly affect total power consumption 
in SMC. Total power consumption keeps staying at 0.09 watt in 6 MS mode and 0.46 
watt in 9 MS mode. Because even though a new mobile joins to the system, system 
establishes a channel just to satisfy its capacity need. This causes low transmit 
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powers and therefore low interference for other mobile stations. As a result this 
causes mobile stations’ transmit powers stay stable. 
 
Figure 5.7 :  Total transmit power [W.] vs number of mobiles, optimizing only 3
rd
 
               mobile 
Finally, as we found out the reduction level in total power consumption of mobile 
stations, we may find the energy efficiency and prevented carbon emission amounts 
provided by SMC. According to [23] if the electricity is obtained from coal then 975 
g CO2 arises for 1 kWh energy. From this equation, results of the simulations show 
that, only for 3
rd
 mobile station in the second simulation environment, 0,75 Wh 
energy may not be consumed in average. This means approx. 0.731 g  CO2 may not 
be arised to the environment. If we consider that 10 million mobile subscribers exist 
in a country such as Turkey than it is easily understood that huge amounts of energy 
is prevented from being consumed and considerable amounts of CO2 is prevented 
from being arised. 
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6 . CONCLUSION AND FUTURE WORK 
The application of knowledge is a primary source of growth in the knowledge 
economy and sustainable communities. There are many models and methodologies 
proposed both in the literature and practice to determine the indicators of the ICT use 
performance of the communities. However, much of this work is carried out at 
regional or national scales. The focus of this thesis is development of a methodology 
to monitor progress towards a knowledge economy at intra-city level through 
clustering algorithms, and at the end using its outputs to create a demand oriented 
mobile network. 
To this aim, we quantify the digital gap between ICT users at intra-city level and 
show that although users may be located within a close proximity, the digital gap 
between them may be non-negligible. Hence, we propose that considering the spatial 
resolution of digital divide quantification level in nation-wide scale is definitely 
insufficient to analyze and assess the ICT usage status.   
We managed to reach two opportunities. First, the opportunity to deeply analyze low 
variety answers within clusters. Therefore mobile data demand per group or even per 
individuals are determined. Second, the opportunity to develop a novel mobile 
network strategy based on digital gap findings. Correlating digital literacy with data 
rate requirements may lead to demand oriented network topology, exact hardware 
and energy needs by using telecommunication and optimization knowledge. It was 
shown that mobile subscriber’s data demand can be estimated, efficiency in power 
consumption may be improved. Simulation environment with urban characteristics 
was designed to run some simulations for approving our proposals. CDMA, Rayleigh 
fading and shadow fading were taken into consideration separately and all together. 
Simulation outputs with numerical results showed that all of our proposals are 
correct. It is proven that precisely assigning SINR and using SMC, yield decreased 
power consumption. Using SMC instead of AMC, results lower power consumptions 
even just one MS joins into the system. 
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This is not only an issue of decreasing the total consumed power on mobile side, 
today a generic 3G BTS with one carrier may serve maximum 64 mobile subscribers 
at peak times. Therefore more BTS investments in dense areas become a must in 
access side. The approach given in this thesis or at least simply limiting the 
subscribers’ allocated downlink channels, would not only cause a decrease in mobile 
power usage, but also cause an increase in total amount of subscribers served at a 
time. Therefore installation of additional cells would not remain such necessary. 
This work may be extended in various ways. First, by changing optimization 
formulations of SMC into SINR optimization for all particular mobile stations. In 
actual optimization we only considered maximum SINR level of mobile stations 
other than we optimized. In such a case, it may be obviously suggested that power 
efficiency may increase even more dramatically. Because SMC maintains sufficient 
SINR levels which means even lower SINR level, for a mobile station k, than the 
actual SINRLB.  Second, studying on modulation and coding schemes may be next 
steps to realize this work. Further than the studied theoretical approach, sufficiency 
may be reflected into real modulation order and channel coding may be executed 
according to sufficient modulation level. Third, sufficiency may be studied in 
bandwidth consumption as well. Not only power consumption, other wireless 
resources may separately be studied in a similar manner. At the end, a benchmarking 
mechanism may be created for QoS and efficiency in optimized wireless resources.  
Beside that in future work, with different channel characteristics, orthogonal 
frequency division multiple access (OFDMA) based mobile environment such as 
3GPP Long Term Evolution (LTE) may also be simulated. Also we have to consider 
that network simulations considered in thesis concept may be improved by including 
efficient forward error correction (FEC) coding, multiple antennas transceivers, fast 
link adaptation protocols, interference canceling and multi-user diversity scheduling 
etc. It is believed that all subjects studied in this thesis or in the extensions of this 
thesis will have realistic outputs such as increased QoS, optimized resource 
efficiency, better mobile communication prizing. 
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ABSTRACT 
 
With latest development of telecommunication technologies 
and end user’s increased bandwidth and mobility demand 
reachability of information and communication 
technologies (ICT) became more critical. In this paper, we 
approach to end user behaviors and the reachability to ICT 
by tackling digital divide concept along with clustering 
analysis. To the best of our knowledge, this research is a 
unique case study that attempts to analyze digital divide at 
intra-city level by neighborhoods. While governments and 
institutions, such as ITU, are in question of whether the 
global divide is widening or narrowing, there are no 
studies, neither in the literature nor in practice to 
understand the gap between ICT users in a city. With this 
goal, Istanbul habitants were asked to fill a questionnaire, 
in order to be classified in terms of their technology 
reachability and reasons of using ICT. Then, clustering 
analysis was performed to questionnaire results. 
Respondents have been clustered into sub groups from 
digital divide perspective. The required steps and suitable 
clustering techniques during this process are discussed with 
determination of questions at the end which are commonly 
answered by respondents with different ICT knowledge, 
which may lead us determine precise reasons of digital gap 
later on. 
 
Keywords — clustering, digital divide, characteristics 
of digital gap, network usage questionnaires. 
 
1. INTRODUCTION 
 
Digital divide, with respect to Organisation for Economic 
Co-operation and Development’s (OECD) definition, is the 
term that refers to the gap between individuals, households, 
businesses and geographic areas at different socio-
economic levels with regard both to their opportunities to 
access information and communication technologies (ICT) 
and to their use of the Internet for a wide variety of 
activities [1]. Along with this information, the main 
motivation in our work is to determine the digital gap 
between the habitants of city Istanbul and common 
questions that were answered by respondents that are 
 
scientifically separated into digital divide groups. This will 
be done through quantification of digital gap within 
neighborhoods and using clustering analyses during this 
process. We also need to note that ICT usage patterns 
among different city segments play a significant role when 
setting up and managing an efficient network from a 
network service provider’s perspective. Whilst, 
understanding and measuring the digital divide types 
among city neighborhoods are relevant research questions 
to be answered. 
 
In the literature, addressing the gaps between information 
society by providing global ICT developments through 
quantitative measurements has gained importance since the 
late 2000s. As a result of global calls for these 
developments, World Summit on the Information Society 
(WSIS) has come up with strategy documents that 
underline future needs in the measurement of worldwide 
digital gaps [2], [3].  
 
As a reply to the request of composite and comparable 
statistical measurements, ITU has developed some indices. 
Among them are: Digital Access Index (DAI), the Digital 
Opportunity Index (DOI) and the ICT Opportunity Index 
(ICTOI). The final index of ITU, ICT Development Index 
(IDI), released in 2009 attempts to incorporate different 
aspects of the previous indices. However, still most of the 
recent research indicates that one size does not fit all due to 
the geographic, social, economical and cultural differences 
among countries. For this reason, when ranked according to 
the results of these indices, countries or regions might 
reveal misleading performance results [4]. 
 
The novelty of this research is to analyze local and intra 
city level digital divide categories. To our knowledge, there 
is no study in the literature that attempts to signify the 
digital gap categories by neighborhoods. To analyze the 
digital gap categories, clustering algorithms are applied to a 
set of questionnaire responses submitted to 1140 
individuals with different socio-economic profile from 
different neighborhoods of Istanbul. The methodology 
chosen for the research is to apply different clustering 
algorithms in order to differentiate digital literates, 
immigrants and illiterates.  
This work is supported by Yıldız Technical University, 2011-03-02-GEP02. 
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Figure 1. 31 Selected neighborhoods, labeled white 
Data clustering analyses are empirical steps of classifying 
various subjects into different clusters with respect to the 
properties of the corresponding subjects. These techniques, 
referred to as unsupervised classification, aim to create 
groups of clusters, in such a way that objects in one cluster 
are very similar and objects in different clusters are quite 
distinct [5]. In our work, we also propose a cluster 
validation technique based on pre-determined user 
expectations, after determination of the number of distinct 
user patterns. 
In this paper, a guideline for clustering questionnaires will 
be presented along with significant findings about literacy 
levels of cellular network users. In Section 2, details on 
questionnaire and preparation of retrieved dataset for 
clustering steps will be explained. In Section 3, detailed 
steps in the structure of clustering analyses and some 
improvements and new proposals on stability and validity 
of clusters will be explained. Finally, in Section 4 and 5, 
results are presented and conclusions are drawn, 
respectively.  
 
2. QUESTIONNAIRE DETAILS AND DATA                  
PRE-PROCESSING 
Our questionnaire is filled by 1140 individuals from 10 
districts with 31 neighborhoods (Figure 1) of Istanbul 
Metropolitan Area and they have been requested to answer 
100 questions in total. The amount of participants of this 
questionnaire has been calculated statistically by random 
sampling method, to reflect an approximate result of all 
Istanbul regions (with a %95 reliability, ± 0.055 error rate). 
10 districts (in a total of 39) were chosen, and 1140 
respondents from 310 houses in different 31 neighborhoods 
( 10 houses/neighborhood ), in these 10 districts are 
included in this questionnaire. Table 1 and Table 2 show 
the ICT service types that are asked to the responders and 
main categories of questions.   
In this paper, a general clustering approach will be 
proposed for a data set that contains a mixture of data types.  
Because of the respondents’ randomly selective 
characteristic, and variety of data types; data preparation, 
clustering analyses and the selected methodology of each 
step may differ from one questionnaire type to another [6]. 
Hence, we need to prepare questionnaire responses for 
further clustering steps, accordingly.  
Table 1. Ict service types that are asked to respondents 
Internet Fixed Line Mobile Phone 
3G Home Line (PSTN) 3G 
Wi-Fi hot spots Mobile: 2G 2G 
xDSL Mobile: 3G WiFi hot spots 
Fiber Mobile: VoIP application  
WiMAX   
Table 2. Main questionnaire categories for digital divide analysis 
Main categories and answers for each of the households 
Demographic structure: 
- Gender, 
- Age, 
- Place of birth, 
- Mother tongue, 
- Literacy. 
Economic Structure: 
- Occupation status, 
- Monthly income. 
ICT ownership and use: 
- Number of mobile phones, 
- Network type, 
- Invoice type, 
- Computer usage and frequency (hour/day) 
- Internet usage and frequency (hour/day) 
- Place of internet accessibility 
- Mobile phone usage, 
- Mobile services, 
- Reasons of computer use, 
- Reasons of internet use, 
- Mobile phone applications. 
ICT Education: 
- Date of learning computer skills, 
- Date of learning internet skills, 
- Place of learning computer skills, 
- Place of learning internet skills. 
Expenditure for ICT services: 
- Monthly expenditure for cellular phone. 
2.1. Data Preparation 
2.1.1. Conversions, Re-assignments and Data 
Standardization 
Data set from a questionnaire should not be used directly in 
clustering process and some transformation, conversion and 
preparation techniques must be used [5]. 
An unprocessed data set may contain some anomalies that 
should be summarized. Hence, a decision rule is required 
about whether all inputs are necessary or not. Furthermore, 
all questions, which were asked, may not be in accordance 
to numeric answers. As in the question “reasons of 
usingcomputer” text data should be converted into numeric 
interval data by categorizing them within the range of total 
answers given, instead of every single reason, total amount 
of reasons is more valuable in this concept. For numeric 
inputs, some data conversion techniques may need to be 
used. But data type conversions can be skipped due to 
usage of data standardization or similarity metric. Finally, 
unprocessed data set may have outliers (such as 9,99,999 
for special conditions) or missing values, which create 
inconsistencies during similarity measurements and causes 
subjects  to be measured as similar or dissimilar with each 
other. In these cases these values should be converted to an 
ineffective value (such as 0 to make corresponding mean 
value 0). In the data set, variables 9, 99 and 999 which were 
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referred to “not answered” and/or “not known”, are re-
assigned to 0 in order to prevent any probable 
inconsistencies. With such conversions and re-assignments, 
object amount in the data set decreased to 48 clear answers, 
without any loss of information, from 100 optional answers 
which contains missing, improper, separated or outlier 
answers because of the nature of a questionnaire. 
 
2.1.3. Similarity Measures 
 
Similarity metrics in clustering refer to the quantification of 
how similar subjects are. All answers to different questions 
in a questionnaire, may contain different data types (such as 
binary data for respondent’s gender), in different ranges 
(such as max 13 spoken languages or max 30 reasons of 
internet usage).For this purpose, although there are several 
methods as mentioned in [5], Euclidian distance which 
directly differentiates the same objects (answers) is used as 
a simple and realistic approach: 
 
          √∑            
 
   , (1) 
where    and    are 1
st
 and 2
nd
 respondents,     and     are 
standardized j
th
 responses of 1
st
 and 2
nd
 respondents and   
is the total number of questions to be considered.  
This metric will also lead us to obtain more compact 
clusters, which may help to prove the clusters’ validity, as 
will be described in following sections.  
 
3. CLUSTERING 
 
A clustering analysis has different steps depending on the 
selected clustering method as in [7]  
1. Selection of clustering elements and variables,  
2. Variable standardization,  
3. Measure of association,  
4. Clustering method,  
5. Number of clusters,  
6. Interpretation,  
7. Testing and replication.  
Clustering methods can be classified into two groups, one is 
hierarchical clustering methods and the other is the iterative 
clustering methods. Within iterative clustering methods two 
different types; k-means clustering and fuzzy c-means 
clustering methods are the most frequently used ones. 
Hierarchical clustering is a classification method that 
separates clusters with respect to the first and last measured 
distance metrics. Mainly, there are two hierarchical 
clustering methods in use; agglomerative and divisive 
methods. In our work, we have selected divisive methods 
and Ward’s method in hierarchical clustering since it is the 
most frequently used method in the literature [8]. 
The k–means clustering algorithm is a clustering 
technique that determines new cluster members according 
to first cluster center and calculates new cluster centroids, 
iteratively. At the k
th
 iterative step, subjects (respondents) 
are distributed among K cluster domains, using 
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where, xp is a new member which will be assigned to a 
clustered group Si , according to the distance to i
th
 cluster’s 
center    and j
th
 cluster’s center    that is measured on t
th
 
iteration step. 
Then new cluster centroids zj are computed at (t+1)
th
 
iteration 
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Where Si is the clustered group particularly at t
th
 iteration 
with its xj members (respondents). 
We need to note that k-means clustering is differentiated 
from hierarchical clustering, due to its iterative strategy. In 
k-means new cluster centroids are calculated at each step. 
This illustrates a dynamic approach at creating clusters. 
Fuzzy clustering is the clustering method that is derived 
from fuzzy logic. According to fuzzy logic, true and false 
expand into an interval [0, 1]. This characteristic lets fuzzy 
sets to have an opportunity each subject be an element of 
more than one cluster. 
Because of the mentioned characteristic above, a so-called 
Cluster membership grade (ukj – membership value of j
th
 
subject to k
th
 cluster) of each subject is calculated. This 
grade is a value in the interval [0,1], and the goal is to 
optimize the value of the objective function  
           ∑ ∑ (   )
 
   
 
   
 
   ,       (4) 
where m is defined as the fuzzifier [9] which is mostly set 
to 2 and effects the final membership distribution. Dkj, is the 
distance measure which was described as in similarity 
measurements [10]. 
With fuzzy c-means clustering, a subject may be assigned 
to more than one cluster, and this obviously can be used as 
an advantage during clustering data sets such as 
questionnaires. In this work, all of the above-mentioned 
clustering techniques are considered in combination with 
standardizations and different similarity metrics.   
3.1.1. Number of Clusters  
In the literature, there is no identified rule about 
determining exact amount of clusters. The most frequently 
used method is to examine both the agglomeration schedule 
and the dendogram [11]. An inconsistent increase in the 
dissimilarity measure would indicate that the clusters joined 
at the corresponding stage were quite distinct. 
Although we manage to find optimum cluster amounts, for 
specific clustering methods, by determining minimum value 
of “compactness and separation criteria” which will be 
described in next section: Determining the number of 
clusters a-priori will provide more necessary and 
meaningful output then expecting a proper amount of 
clusters by empirical methods. Because it is planned to 
determine the level of digital literacy and set, we expect to 
see three different groups that state their cluster members 
as: 
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1) Digital literates,  
2) Digital immigrants, and  
3) Digital illiterates.  
Therefore the data set is clustered into three classes. 
3.1.2. Testing the Stability and Validity of Clusters 
 
Stability of a cluster implies a high possibility of re-creating 
the same clusters as the outcome of similar clustering 
processes. Hence, stability is a measure of robustness of the 
selected clustering method. 
According to [11] the most frequently used clustering 
strategy is to randomly divide the study sample into two 
halves and repeat cluster analyses for each. If the clusters 
are stable, a similar cluster structure should be obtained in 
each half of the sample. Furthermore, applying different 
clustering methods to the same data set and comparing 
them may be another approach, as we investigate in detail 
in our work.  
Based on the obtained results, we have observed that 
different clustering techniques can result with very similar 
cluster labels. [12] States there should be at least four or 
five times as many observations as the variables to be 
analyzed for our data set, which is based on 48 
objects/answers, considering 5 as the reliability constant, 
that 48×5= 240 subjects are sufficient to properly cluster 
and analyze. Based on this, stability of our cluster analysis 
can be measured.  
On the other hand even after careful analysis of a data set 
and the determination of a final cluster solution, we have no 
assurance of having arrived at a meaningful and useful set 
of clusters. A cluster solution will be reached even when 
there are no natural groupings in the data [13].  Hence there 
must be some tests to prove validity of the cluster solutions.  
Tests may need to be adjusted according to the clustering 
method as well. For instance, for k-means a validity 
measure which measures the compactness of the clusters 
can be defined. In [5] it is named  as “compactness-
separation criteria” and defined as 
  
      
      
 .   (5) 
Here Mintra is intra cluster distance, which means distance 
sum of subjects located in that cluster, and calculated as 
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and Minter is inter cluster measure which means minimum 
distance from one cluster to another which can be obtained 
according to  
                  ‖      ‖
 
 .            (7) 
Our goal is to minimize the value of V since the most 
compact and separated cluster outputs are desired as the 
outcome. This objective can also be used to find the 
optimum number of clusters as well.  
 
 
Table 3. Chosen objects for validation 
 Question ‘Yes’ ‘No’ 
1 Having a cell phone ? 1 0 
2 
Did you chose the model and technical 
properties of your cell phone ? 
1 0 
3 Usage of 3G ? 1 0 
4 Mobile internet connectivity ? 1 0 
5 Computer Usage ? 1 0 
6 Fixed Internet Usage ? 1 0 
During empirical tests of clustering, it is also desired to 
determine the approximate amount of clusters for later 
comparisons. This criterion can be applied to any clustering 
technique. Furthermore, because fuzzy c-means let subjects 
to be included in different clusters, specific validity indices 
for fuzzy c-means are given in various resources [14]. 
In our context, we propose a different validation method 
that uses specifically chosen objects within studied 
questionnaire. Those selected objects that are listed in Table 
3 are related with and can reflect the digital literacy (digital 
gap) of participants to determine and quantify digital 
divide.  
As for the proposed validation algorithm, the first step is to 
calculate all cluster centroids and their Q values with 
respect to specified objects (Table 3) of the studied 
questionnaire. Here Q is the predisposition of clusters and 
can be calculated as  
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                     .       (8a) 
Where we consider six objects (L=6) and (k=3) clusters. 
Following this step, according to Q values, clusters 
satisfying the conditions (8b), (8c) and (8d), are assigned to 
the expected clusters: digital literates, digital immigrants 
and digital illiterates, 
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Assigning cluster labels and determining the amount of 
respondents within a cluster, will enable us to calculate a 
validation ratio by exposing how much a subject is really 
suitable to be included in the corresponding cluster. For the 
digital divide concept in this paper, with respect to the 
objects and the variables, the assigned cluster label may be 
considered “correct” if one of the conditions given below is 
satisfied  
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3.1.2. Determining questions commonly answered 
After clustering steps were concluded, common 
characteristics of clusters’ respondents were determined. 
Our goal here was determining main reasons of digital gap 
by deriving them from the common answers given by 
respondents. Therefore within all clusters, for top three 
cluster techniques, standard deviation of standardized 
objects was calculated (10). 
   √
 
 
∑ (     )
  
   
         (10) 
Where    is standard deviation, N is the total number of 
respondents (1140), yij is the j
th
 object (answer) of i
th
 
respondent and   is the average of whole answers (objects) 
of j
th
 question. 
Smallest standard deviations (weighted %10 of total) of j
th
 
questions, such as “Date of learning computer skills”, 
“Internet usage and frequency”, “Reasons of internet use” 
so on, show: Answers to those questions are so similar 
within all along the cluster.  
 
4. RESULTS 
MATLAB software is used for clustering analyses. Actual 
questionnaire data, collected from 1140 distinct respondents 
from different neighborhoods in Istanbul is standardized 
and clustered. 6 clustering techniques; pure k-means (C1), 
z-score k-means (C2), USTD k-means (C3), hierarchical 
clustering (C4), controlled k-means (C5) and fuzzy c-means 
(C6) techniques have been used. Respondent percentages of 
clusters per cluster technique are given in Table 4. 
Stability of the outcomes has also been compared and 
shown in Table 5. Not surprisingly, all clustering 
techniques applied to standardized data set and all 
clustering techniques applied to non-standardized data set 
were found out to be similar. Also, non-standardized 
clustering methods have given similar outputs.  
Comparison of clustering methods was the way of 
measuring stability of the clustering analysis. But even 
though stability test has given proper values, validation of 
analysis outcomes was still needed. For this purpose, Q-
valued validation method proposed in previous sections and 
inverse “compactness and separation criteria” value (V-1) 
were used by calculating them and given in Table 6. 
Participants, who were clustered by C2 and C3 clustering 
methods, proved that they belong to the cluster they are 
naturally supposed to be with over 70 % of validity. On the 
other hand, most compact and separated clusters were 
determined as C4 and C6 with their values above “1”. 
By these validation values, to decide which cluster methods 
are best to separate the most compact and correctly 
allocated clusters; we multiplied our validation ratio with 
inverse V with same weighting as an acceptance value. 
According to the observed results, C4 and C6 were the best 
clustering methods to use in our concept. Those clusters 
were also analyzed to find out low variety answers and so 
the possible reasons of digital gap. 
Furthermore, Table 7 shows the distribution of digital 
literacy through C4 and C6 clustering methods by 
neighborhoods in Istanbul. According to these results, one 
can notice the spatial distribution of digital literacy differs 
with respect to the clustering methodology.  
 
5. CONCLUSION 
The application of knowledge is a primary source of growth 
in the knowledge economy and sustainable communities. 
There are many models and methodologies proposed both 
in the literature and practice to determine the indicators of 
the ICT use performance of the communities. However, 
much of this work is carried out at regional or national 
scales. The focus of this paper is on the development of a 
methodology to monitor progress towards a knowledge 
economy at intra-city level through clustering algorithms. 
 
To this aim, we quantify the digital gap between ICT users 
intra-city level and show that although users may be located 
within a close proximity, the digital gap between them may 
be non-negligible (as shown through clustering analysis 
results). Hence, we propose that considering the spatial 
resolution of digital divide quantification level in nation-
wide scale is definitely insufficient to analyze and assess 
the   ICT usage status.  Additionally, a generalized 
framework for questionnaire clustering is proposed in this 
paper. Necessary steps were described and a novel 
validation technique is proposed. According to the results, 
top three cluster methods were determined by over % 70 
validations 
In future work, two possible next steps were outcome as 
opportunities. 
First, the opportunity to deeply analyze low variety answers 
within clusters. Analyses will possibly lead us to reasons of 
digital gap from micro-scale level to nation-wide. Therefore 
new telecom policies may be proposed to close these gap 
which was investigated at intra-city level. 
Second, the opportunity to develop a novel mobile network 
strategy based on digital gap findings. Correlating digital 
literacy with data rate requirements may lead to demand 
oriented network topology, exact hardware and energy 
needs by using telecommunication and optimization 
knowledge. 
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Table 4. Assigned clusters and their sizes 
 
Digital Literates 
(%) 
Digital Imigrants 
(%) 
Digital Illiterates 
(%) 
C1 23 35 42 
C2 51 26 23 
C3 51 26 23 
C4 31 35 34 
C5 23 35 42 
C6 32 24 44 
Table 5. Comparison of clustering methods 
 C1 C2 C3 C4 C5 C6 
C1 1 0 0 0 0 0 
C2 0.58 1 0 0 0 0 
C3 0.58 1.00 1 0 0 0 
C4 0.84 0.56 0.56 1 0 0 
C5 0.99 0.57 0.57 0.84 1 0 
C6 0.85 0.59 0.59 0.78 0.84 1 
Table 6. Clusters’ validations 
 Validation Ratio V-1 Acceptance 
C1 0.58 0.0428 0.02500 
C2 0.76 0.6950 0.53041 
C3 0.76 0.6950 0.53040 
C4 0.66 1.3285 0.87285 
C5 0.58 0.0428 0.02490 
C6 0.56 1.2625 0.71099 
Table 7. Digital Literacy for the first 5 neighborhoods 
C4 
Neighbor. No 
Digital 
Illiterates 
Digital 
Immigrants 
Digital 
Literates 
1 2 16 16 
2 3 12 14 
3 4 17 11 
4 11 10 13 
5 14 14 11 
C6 
Neighbor. No 
Digital 
Illiterates 
Digital 
Immigrants 
Digital 
Literates 
1 4 15 15 
2 6 7 16 
3 9 9 14 
4 14 9 11 
5 19 7 13 
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Özetçe—Bu çalışma ile son yıllarda artan veri ihtiyacı 
problemi tümden gelen bir bakış açısı ile çözülmeye 
çalışılmaktadır. Bilinmeyen veri talebini tahmin edebildiğimiz 
taktirde, elimizdeki sınırlı kaynaklardan biri olan güç 
tüketiminde yeşil haberleşme kapsamında nasıl bir azalma 
sağlayabileceğimiz gösterilmektedir. Veri ihtiyacını tahminleme 
metodu sayısal uçurum kavramı ile olacaktır. Daha önceki 
çalışmamızda İstanbul genelinde 1140 kişiye yapılan sayısal 
uçurum anketi ile; bu kişiler yüksek veri ihtiyacı duyan, ortalama 
veri ihtiyacı duyan ve veri kullanmayan şeklinde üç guruba 
kümelenmiştir. Şimdi bu kişilerin tahmini veri ihtiyaçları 
üzerinden, konveks optimizasyon teknikleri ile güç tüketimi 
minimize edilerek verimlilik miktarı tespit edilecektir. 
Anahtar Kelimeler — mobil veri ihtiyacı; yeşil haberleşme; 
düşük güç tüketimi; sayısal uçurum; konveks optimizasyon. 
 
Abstract—In this work, a deductive way is tried to fix high 
data demand problem in latest years. By determining data 
demand, it is shown that total mobile power consumption which 
is a valuable wireless communication resource, may be reduced 
as a part of green communication. Potential data demand will be 
predicted within digital divide perspective. Mobile subscribers’ 
data need is foresighted through previously clustered 1140 
habitants of Istanbul, by a digital divide questionnaire, into three 
groups: digital literate, digital moderate and digital illiterate. 
Therefore in this work minimizing mobile power consumption is 
proposed by matching clustered subscribers with constant 
throughput needs and by using convex optimization methods. 
Keywords — mobile data need; green communication; reduced 
power consumption; digital divide; convex optimization. 
I.  GİRİŞ 
Bilgi ve haberleşme teknolojilerindeki hızlı ilerleme son 
yıllarda mobil veri ihtiyacında da ciddi bir artışı beraberinde 
getirmiştir. Bu durum da akademisyenlerin, telekomünikasyon 
endüstrisi ve çalışanlarının, daima daha gelişmiş yaklaşımlarda 
bulunmasını; servis kalitesinin bozulmaması adına kaynakların 
efektif kullanılması için yeni metodların geliştirilmesini 
tetiklemektedir [1-7]. 
Bu kapsamda yapılan çalışmalardan biri, adaptif 
modülasyon ve kodlama tekniği (AMC)’nin güç tüketimine 
bağlı olarak performansındaki değişiminin incelendiği [1]’deki 
çalışmadır. Bu çalışmaya göre Shannon eşitliği üzerinden 
yapılan benzetme ile sinyal gücünün, gürültü ve girişim gücüne 
oranı (SINR), veri iletim hacmi T ile ilişkilendirilmiş ve güç 
tüketiminin gözetildiği, gözetilmediği ve SINR dengelemesinin 
yapıldığı durumlar için AMC performansı ölçülmektedir. Bir 
diğer çalışmada ise CDMA sistemlerinde mobil kullanıcılara 
sağlanan servis kalitesi, güç tüketimi ile ilişkilendirilmiştir [2]. 
Bu kapsamda optimizasyon yöntemi olarak konveks 
optimizasyon yöntemi kullanılmış, sistem parametrelerinin 
konveksitesi ölçülmüş, SIR veri hızı ve servis kalitesi ile 
ilişkilendirilerek optimizasyon tekniğinin uygulanabileceği 
durumlar ortaya konmuştur. [3]’te ise, talep şekillendirme 
yaklaşımı yeşil haberleşme konsepti içerisinde incelenmiştir. 
Çalışmanın amacı, veri ihtiyacı ile birlikte artan enerji 
problemini, talep tarafında, kaynaktaki kullanımı kapalı bir 
sistem döngüsü ile şekillendirerek çözmektir. Bir diğer 
yaklaşım ise telsiz haberleşme kaynaklarının enerji ihtiyacına 
göre birbiri arasında değiştirilerek kullanılmasıdır [4]. 
Çalışmada enerji, band genişliği ve zaman kaynaklarını 
birbirleri arasında ilişkilendirilmiş; belli bir veri ihtiyacı 
durumunda artan enerji gereksinimi zaman ve band genişliği 
üzerinden kompanze edilmeye çalışılmıştır. [5] ve [6]’da ise 
telsiz haberleşmesinden verilen örnekler geometrik 
programlama kapsamında incelenmiş; lineer olmayan sistem 
modellemeleri lineer hale getirilerek konveks yöntemlerle 
çözülmeye çalışılmış; çeşitli sistem kısıtlarıyla birlikte SINR ve 
güç tüketiminde optimizasyon gerçekleştirilmiştir. Sonuçta da 
geometrik programlama bazlı güç kontrolünün, sistematik 
optimizasyon algoritmaları ile sağlanması gösterilmiştir. 
Bu bildiride yükselen veri ihtiyacını karşılamak için veri 
ihtiyacı bilindiği taktirde kaynak kullanımında ne derece 
verimlilik sağlanabildiği, toplam mobil güç tüketimindeki 
azalma ile gösterilecektir. Veri ihtiyacının tahminlemesi ise 
sayısal uçurum kavramı kapsamında gerçekleştirilecektir.  
Amacımız SINR üzerinden, kullanıcıların veri ihtiyacı 
tahminlerine göre ne kadar SINR’a ihtiyaç duyacaklarının; 
dolayısıyla da bu SINR ihtiyacı ile yapılan bir iletişimdeki güç 
tüketiminde ne kadar verimlilik sağlanacağının gösterilmesidir.  
Bildirinin ikinci bölümünde önce sayısal uçurum 
kavramının üzerinden geçilecektir. Daha önceki çalışmamızda 
sayısal uçurum anlamında neler yapıldığı, anket çalışması ve 
veri ihtiyacının tespit edilmesi anlatılacaktır. Sonraki  
978-1-4673-5563-6/13/$31.00 ©2013 IEEE 
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Şekil 1. Anketin yapıldığı mahalleler, 10 ilçe, 31 mahalle, mahalleler beyaz 
ile gösterilmiş 
bölümlerde ise şehir koşullarına göre hazırlanmış sistem 
modeli belirtilecek ve sırasıyla: veri ihtiyacının SINR ile 
ilişkilendirilmesi, konveks optimizasyon ve kısıtlar, benzetim 
ortamı, sayısal çıktılar ve sonuçlara yer verilecektir. 
II. SAYISAL UÇURUM 
Sayısal uçurum, Ekonomik İşbirliği ve gelişimi 
organizasyonu (OECD) tanımlamasına göre: Bireyler, haneler, 
iş birimleri ve coğrafi birimler arasındaki, bilgi teknolojilerine 
erişim farkıdır. Bu fark, farklı sosyo-ekonomik seviyedeki 
birimlerin, bilgi ve haberleşme teknolojilerine erişimlerindeki 
fırsat farklılıkları, internet, 3G kullanımı, GSM kullanımı gibi 
bilişim dünyasına ait aktivitelerin kullanım derecelerine göre 
ölçülmektedir [8]. 
Önceki çalışmamızda [9], İstanbul’da farklı ilçelerden, 
farklı sosyo-ekonomik yapıdaki 1140 kişinin katıldığı bir hane 
anket çalışmasında bulunulmuştur. İstanbul il sınırları 
içerisindeki 10 ilçe ve 31 mahallede gerçekleşen bu çalışmada, 
%95 güvenilirlikle (  0.055 hata oranı) örnekleme yapılarak 
tüm İstanbul yansıtılmaya çalışılmış; bu çalışmanın sonunda da 
çeşitli kümeleme teknikleri ile tüm anket katılımcıları sayısal 
uçurum kapsamında bilgi teknolojileri farkındalıklarına göre 
üçe ayrılmıştır. Katılımcıların ayrıştırılmasında 6 kümeleme 
tekniği denenmiş, en yüksek kabul oranı hiyerarşik kümeleme 
metodu ile alınmıştır. Son adımda da anket yapılan haneler 
coğrafi lokasyonları ile eşleştirilmiştir.  
Bilgi teknolojilerindeki farkındalıklarına doğrultusunda üçe 
ayrılan katılımcıların bilgi teknolojileri, özellikle de mobil 
internet hizmeti kullanımlarına göre aynı şekilde üçe 
ayrıldıklarını  kabul edebilir ve ayrı kümelerdeki mobil 
kullanıcıları sabit veri ihtiyaçları Ti ile eşleştirebiliriz. 
Amacımız hem veri ihtiyacı hem de lokasyon bazında 
eşleştirilebilen mobil kullanıcılardan yola çıkarak, veri ihtiyacı 
  ’nin önceden tahmin edilmesi durumunda toplam güç 
tüketiminde yüksek verimlilik sağlanabileceğini göstermek 
olacaktır. Bu kapsamda belli bir sistem modeli üzerinden 
benzetimler gerçekleştirilecek ve düşük, orta ve yüksek veri 
ihtiyaçları (  ) sayısal uçurum anlamında kümelenen 
kullanıcılar ile eşleştirilecektir. 
III. SİSTEM MODELİ 
Potansiyel veri ihtiyacını tespit etmek için yaptığımız 
anketler İstanbul şehir sınırları içerisinde olduğundan dolayı, 
çalışmamızda sistem modeli şehir özelliklerine göre 
tasarlanmıştır. Bu sebeple sistemi kod bölmeli çoklu erişim 
(CDMA) tabanlı 3G bir sistem kabul edip, şehir içi yol kaybı 
etkisi aşağıdaki sistem modeline katılarak tasarlanmıştır [10]: 
           √          (1) 
Bu denklemde xi , i. mobilin iletilen sinyali, yi alınan sinyal, PT 
iletilen sinyalin gücü ve ni de sıfır ortalamalı, σ
2
 varyanslı 
toplamsal beyaz Gauss gürültüsü (AWGN) olarak 
tanımlanabilir. Böylesi bir sistemde, transfer fonksiyonu hi  
        √               (2) 
olarak modellenebilir. Bu eşitlikte PLoss yol kaybı katsayısı, Si 
gölgeleme etkisi katsayısı ve gi sönümlenme etkisi katsayısıdır. 
Sonraki aşamalarda optimizasyonun kolaylığı açısından hem 
gölgeleme etkisi Si hem de sönümlenme etkisi gi hesaba 
katılmayacaktır. 
Denklem (2)’de PLoss ile tanımlanan işaret iletim modelini 
(3)’teki şekliyle kabul edebiliriz: 
      (
 
  
)
 
       (3) 
Burada d, d0 ‘ın referans uzaklık kabul edildiği noktada alıcı ile 
verici arasındaki uzaklıktır. Sistem modelinde şehir etkisini 
yaratan yol kaybı üstel parametresi ise γ ‘dır. 
IV. OPTIMIZASYON 
A. Veri ihtiyacı 
Veri ihtiyacı aslında SINR’ın bir yansıması şeklinde 
tanımlanabilir. Örneğin AMC, SINR maksimizasyonuna bağlı 
olarak iletilen verinin de maksimize edilmesi üzerine kuruludur 
[1]. Bu sebeptendir ki, yine aynı mantıkla veri ihtiyacını, 
SINR’a yansıtmamız durumunda bu ihtiyaca bağlı koşulları ve 
bu koşullara bağlı toplam mobil güç tüketiminin minimize 
edilmesi sağlanabilir. 
Bu kapsamda Shannon kapasite formülü (4) bizim için 
uygun bir eşleştirme yöntemi olabilir. 
        (      )   (4) 
Bilindiği gibi burada C maksimum kanal kapasitesi, B ilgili 
kanalın band genişliği, SINR ise bu kapasiteyi sağlayabilecek 
optimum sinyal SINR seviyesidir. Bu açıdan bakıldığında SINR 
değerini mobil bazlı alınabilir ve i. mobilin SINR değeri SINRi 
ile değiştirilebilir. Maksimum kanal kapasitesi yerine de sayısal 
uçurum bölümünde bahsi geçen Ti’yi kullanarak C ≈ Ti 
yaklaşımıyla i. kullanıcının veri ihtiyacı için gerekli SINR 
eşiğini belirlenir ve bu SINR’dan daha yüksek SINR değerleri 
için kullanıcının veri ihtiyacının karşılanacağı kabulü 
yapılabilir (5). 
         
  
 ⁄               (5) 
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Burada SINRi: 
       
  
   (
  
  
)
 
∑   
   (
  
  
)
 
  
  
     
                   (6) 
şeklinde tanımlanır. Burada PT
k ,i
 , k. ve i. mobillerin iletim 
güçleri, dk ,i yine k. ve i. mobillerin baz istasyonuna uzaklıkları, 
ni i. mobile etkiyen AWGN ve KS bir sonraki bölümde kısıtlar 
ile birlikte değinilecek olan CDMA yayılım kazancıdır. 
Görüleceği gibi CDMA yayılım kazancının tersi, veri ihtiyacını 
gözettiğimiz mobilimize olan girişim etkisi ile doğru 
orantılıdır. 
B. Konveks optimizasyon ve genel kısıtlar 
Kompleks mobil hücresel sistemlerde mobil cihazların 
konumları ve dolayısıyla kanal katsayıları sürekli 
değişmektedir. Bu yüzden, gerçek hayatta mobil güç tüketimini 
minimize ederken optimum SINR seviyesini tespit etmek 
oldukça güçtür ve hızlı optimizasyon metodları gerektirir 
[1],[2],[5-7]. Bu metodlardan biri de konveks optimizasyon 
metodudur [7]. Bu bildiri kapsamında göz önünde 
bulunduracağımız SINR seviyesinin kullanıcı ihtiyacına 
dayanması kısıtı, konveks hale getirilebilen bir fonksiyondur. 
Bu durum geometrik programlama kullanabilmemizi yani 
problemimizi konveks optimizasyon yöntemleri ile 
çözebileceğimizi gösterir. 
 Optimizasyon probleminin tanımlanmasına kısıtları en 
genelden en özele sıralayarak ve amaç fonksiyonumuzu 
belirterek geçebiliriz. Kısıtlarımız sırasıyla aşağıdaki gibi 
sıralanabilir: 
 CDMA tabanlı Evrensel Mobil Telekomünikasyon 
Sistemi (UMTS - 500 mW) şebekesindeki mobil güçleri 
  
  alt ve üstten sınırlanmalıdır (7), 
 veri ihtiyacını baz aldığımız mobile etkiyen diğer 
mobillerin toplam enterferansı ∑    : Optimizasyonun 
gerçekleşebilmesi açısından IMAX ile üstten 
sınırlandırılmalıdır (8),  
 CDMA’de gözlenen yakın-uzak etkisi yüzünden: Veri 
ihtiyacını gözettiğimiz mobilin dışındaki mobillerin 
alınan güç seviyeleri   
  eşit (9) ve belli bir seviye 
        in üstüne olmalıdır (10), 
 
 
Şekil 2. Simülasyon ortamının şematik gösterimi 
 
 veri ihtiyacını gözettiğimiz mobilin dışındaki diğer tüm 
mobillerin servis kalitesini belirleyen SINRk değerleri 
belli bir SINRLB seviyesinin üzerinde tutulmalı (11) 
böylece servis verilmeme ihtimali ortadan kaldırılmalıdır, 
 ve veri ihtiyacını gözettiğimiz mobilimizin SINRi değeri, 
veri ihtiyacı Ti’ye göre belirlenen SINR seviyesinin 
üzerinde olmalıdır (12). 
Bu kapsamda optimizasyon problemimiz, toplam mobil güç 
tüketimini minimize etmek amacıyla, kısıtlarıyla birlikte 
aşağıdaki şekilde tanımlanabilir: 
   min( )    ∑   
 
  
      
               (7) 
∑   
   (
  
  
)
 
  
                    (8) 
  
       
              (9) 
  
                   (10) 
                          (11) 
         
  
 ⁄                (12) 
V. BENZETİM SONUÇLARI 
Simülasyon ortamımızda, 5 mobil istasyon ve 1 baz istasyonu 
bulunmaktadır. Bu mobil istasyonların her birinin baz 
istasyonundan 50 metre uzaklıkta olduğu kabul edilmiştir. 
Mobil güç tüketiminin minimizasyonu, mobil istasyonların her 
birinin veri ihtiyaçlarına bağlı SINR’larının tespiti ve bu SINR 
seviyesinin sağlanması ile gerçekleştirilmiştir. Bu sırada daha 
önce de belirtildiği gibi, veri ihtiyacı gözetilen mobilin 
dışındaki mobiller için (11)’de belirtilen SINRLB alt sınırı 
kullanılmış ve sayısal ölçümler bu alt sınıra göre -5 dB ile 4 dB 
arasında değişerek yapılmıştır. 
Kullanıcıların veri ihtiyacı da CDMA band genişliği olan 
1.23 MHz’in [11]: -5 dB’de izin verdiği maksimum kanal 
kapasitesi olan 0.5 Mbps’e kadar, sayısal uçurum sonuçlarına 
göre belirlenmiştir. Buna göre yüksek veri ihtiyacı duyan ( Ti > 
0.4 Mbps) grup için temsilen: mobil 1 ve mobil 5, sırasıyla 475 
kbps ve 446 kbps; ortalama veri ihtiyacı duyan ( 0.4 Mbps > Ti 
> 0.15 Mbps) grup için temsilen: Mobil 3 ve mobil 4, sırasıyla 
303 kbps ve 243 kbps; ve veri kullanmayan grup ( 0.15 Mbps > 
Ti ) için de temsilen mobil 2, 116 kbps ile rastlantısal olarak 
belirlenmiştir. Bu sayede tüm kullanıcılara -5 dB’de bile 
istedikleri veri sağlanarak sağlıklı karşılaştırma yapılabilmiş, 
mobil kullanıcılara servis verilmeyen bir durum olmaması 
sağlanmıştır. Benzetim ortamını daha iyi anlamak için Şekil 1 
incelenebilir. Simülasyonda kullanılan değerler ise Tablo I ‘de 
sunulmuştur. 
Sistemdeki her bir mobil için veri ihtiyaçlarına bağlı olarak 
SINR ihtiyaçları, sırasıyla: -5.13 dB, -11.72 dB, -7.29 dB, -
8.33 dB ve -5.44 dB çıkmıştır. Bu şartlar altında her bir SINRLB 
değeri için yapılan ölçümlerde, 4 dB SINRLB değerine kadar 
optimizasyonun düzgün şekilde sağlandığı gösterilmiştir. -5 dB 
ile 4 dB arasındaki toplam güç tüketimi değerleri Tablo II ‘den  
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TABLO I. SEÇİLİ BENZETİM DEĞERLERİ 
Parametre Değeri 
σ 0.5 μW 
SINRLB [ -5 dB 4 dB ] 
KS 10 
IMAX 0 dB 
PR,MIN -90 dB 
B 1.23 MHz 
TABLO  II.      TOPLAM MOBİL GÜÇ TÜKETİMİ 
S
IN
R
L
B
 (
d
B
) 100 tekrar, ortalama toplam mobil güç tüketimi (W.) 
SINR kontrollü (w), kontrolsüz (w/o) 
Mobil 1 Mobil 2 Mobil 3 Mobil 4 Mobil 5 
w w/o w w/o w w/o w w/o w w/o 
-5 0.06 0.06 0.05 0.06 0.05 0.05 0.06 0.06 0.06 0.06 
-4 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.07 0.07 
-3 0.09 0.10 0.09 0.10 0.09 0.09 0.09 0.11 0.09 0.10 
-2 0.11 0.13 0.12 0.13 0.12 0.12 0.12 0.14 0.12 0.13 
-1 0.15 0.17 0.15 0.18 0.15 0.16 0.16 0.19 0.16 0.17 
0 0.20 0.23 0.21 0.24 0.21 0.23 0.22 0.26 0.22 0.24 
1 0.27 0.33 0.30 0.35 0.30 0.33 0.30 0.37 0.31 0.34 
2 0.40 0.50 0.44 0.53 0.45 0.51 0.45 0.56 0.46 0.53 
3 0.66 0.82 0.73 0.90 0.74 0.87 0.74 0.93 0.75 0.89 
4 1.33 1.70 1.49 1.90 1.51 1.86 1.51 1.93 1.53 1.88 
okunabilir, Şekil 3 üzerinden de mobil 3’e gore  toplam güç 
tüketiminin nasıl değiştiği incelenebilmektedir.  
Tablo II’den de okunduğu gibi, veri ihtiyacının 
gözetilmesi: Herhangi bir mobilin veri ihtiyacının 
gözetilmediği ve tüm SINR değerlerinin belli bir seviyenin 
üzerinde tutulmaya çalışıldığı duruma karşı daha az güç 
tüketimi sağlar. Yüksek SINR alt sınırlarına (SINRLB) çıktıkça 
(örneğin 4 dB) toplamdaki güç tüketim farkı ≈ 250 mW.’tır. 
Bu durum da bildiri kapsamındaki önerimizi doğrulamaktadır. 
Optimizasyonun CDMA için yapıldığı ve yakın-uzak etkisini 
göz önünde bulundurmak zorunda kaldığımız düşünülürse, bu 
etkiden bağımsız olunan bir sistemde yani her kullanıcının 
kendi SINR değerini alt sınır kabul ettiğimiz taktirde çok daha 
yüksek güç verimlilikleri sağlayacağımız açıktır. 
 
Şekil 3. Toplam güç tüketimlerinin SINRLB’ye göre çizimi 
VI. SONUÇLAR 
Bu bildiri kapsamında veri ihtiyacının, dolayısıyla da SINR 
ihtiyacının önceden bilindiği bir durum için; önemli bir 
haberleşme kaynağı olan gücün tüketiminde nasıl bir azalma 
sağlanabileceğini konveks optimizasyon yöntemleri ile 
bulmaya çalışılmıştır. Sonuçlar beklendiği gibi SINR’ın 
gözetildiği ve gözetilmediği durumlar arasında önemli güç 
tüketim farkları yaratmıştır. 
İleriki çalışmalarımızda, simülasyon ortamımıza Rayleigh 
sönümlenmesi ve gölgeleme etkileri de dahil edilip, AMC 
tekniği gibi SINR maksimizasyonuna göre çalışan modülasyon 
ve kodlama teknikleri ile burada öne sürdüğümüz metodoloji 
karşılaştırılabilir ve ciddi güç kazançları sağlanabilir. 
Son olarak, çoklu erişim yöntemi olarak seçtiğimiz CDMA 
yerine dik frekans bölmeli çoklu erişim tekniği (OFDMA) 
kullanılarak UMTS yerine LTE gibi gelişmekte ve  
yerleşmekte olan bir sistem ile çeşitli benzetim senaryoları 
gerçekleştirebilir. Daha önce de belirttiğimiz gibi yakın-uzak 
etkisi olmayan bir ortamda, CDMA kullanan sistemlere göre 
göre daha düşük güç tüketimlerinin elde edilmesi 
beklenmektedir. 
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Abstract—Big data demand started to become a common 
challenge in mobile cellular networks. Various techniques, 
intelligent approaches and network architectures are being 
developed to tackle this difficulty, in order to provide high 
quality of service and to allocate mobile resources effectively. 
Adaptive modulation and coding is one of those techniques, 
that provides high quality of service while adapting 
modulation and transmission power with respect to erratic 
channel conditions.  In this work, sufficient modulation and 
coding technique will be proposed to provide the necessary 
quality of service level while minimizing mobiles’ consumed 
power by foreseeing actual data need of UMTS mobile 
subscribers through digital divide analyses. As a consequence, 
with prior information on potential data requirements, it is 
shown here that power and energy efficiency can be improved 
by convex optimization methods. 
Keywords-data demand, cellular network, convex 
optimization, digital divide, sufficent modulation and coding, 
power efficiency 
I.  INTRODUCTION 
Improvement in information of communication 
technologies (ICT) leads to the prediction of large mobile 
data demand in forthcoming years. This forces 
telecommunication industry to develop more intelligent 
approaches to tackle this challenge while establishing high 
quality of service and effective resource allocation. In [1], a 
demand shaping approach was investigated within the scope 
of green communication concept. The purpose of the 
investigation is the energy problem on demand side and 
shaping this demand by controlling resource usage. Authors 
examine a closed loop system model that encourages fair 
usage in the modeled network. Another approach is trading 
wireless resources in accordance with the energy need for the 
wireless communication as stated in [2], where authors 
discuss and investigate the relationship between the energy, 
bandwidth and time resources and propose less energy may 
be utilized by trading energy need with the bandwidth and 
time resources for a certain demanded performance. 
Adaptive modulation and coding (AMC) is one of the 
major techniques that struggles with large data demand and 
satisfies spectral efficiency by modulating transmission 
signal with respect to potential maximum signal to 
interference and noise ratio (SINR) level. This adaptive 
approach, especially while using with power control [3], 
maximizes quality of service by providing maximum 
throughput and optimizes transmission power accordingly. 
Benefits of adaptive modulation and coding are the improved 
bit error rate (BER) performances [4], throughput gains [5]. 
In literature, there are few papers that join AMC with energy 
efficiency. Authors of [6] carry out some analysis on 
bandwidth, spectral, power efficiency and at the end they 
propose on energy efficient AMC scheme.  
We believe competing with large data demand requires 
predicting possible data demand and creating a demand 
oriented network scheme. Therefore in this paper possible 
data demands of individuals will be examined by 
investigating them through digital divide concept. Then, in 
contrast to adaptive modulation and coding, sufficient 
modulation and coding (SMC) approach will be suggested. 
We propose that, 
i) Sufficient SINR mapping may be succeeded by 
foreseeing mobile subscriber’s real data need, and this 
should assign enough SINR to subscribers, 
ii) Sufficient SINR mapping and efficiency, lead to 
decrease in mobiles total power consumption and 
therefore energy efficiency in a mobile cell 
environment. 
In the following sections, first, digital divide concept and 
our previous works will be explained as an extension of 
introduction. This section will mainly focus on what we used 
to foresee mobile users’ capacity requirements. Then system 
model will be shown with related propagation model in 
section three. In that section we will provide what system 
model we used to execute our simulations in. System model 
will mainly be the backbone of simulation steps. Afterwards, 
optimization method which we use and system common 
system constraints will be explained in section four. In that 
particular section, above the system model, we show what 
general system constraints we had to consider to run our 
simulations and with which method. Then objective 
functions with related constraints will be shown for AMC 
approach and SMC approach in the same section. In Section 
V, based on the system model, optimization and constraints; 
simulation environment, variables and numerical results will 
be given. Finally in Section VI, concluding remarks with 
further discussions will be provided respectively. 
This work is supported by Yıldız Technical University, 2011-03-02-GEP02. 
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II. DIGITAL DIVIDE 
 
Digital divide, with respect to Organisation for Economic 
Co-operation and Development’s (OECD) definition, is the 
term that refers to the gap between individuals, households, 
businesses and geographic areas at different socio-economic 
levels with regard both to their opportunities to 
accessinformation and communication technologies (ICT) 
and to their use of the Internet for a wide variety of activities 
[7]. In [8], we studied differentiating mobile subscribers and 
their data demands by clustering a set of questionnaire 
responses. Questionnaires were submitted to 1140 
individuals with different socio-economic profile from 31 
different neighborhoods (Fig. 1) of 10 districts in Istanbul. 
Questionnaires were applied with %95 reliability (  0.055 
error rate) to reflect the results of whole Istanbul. 6 clustering 
methods were executed and maximum acceptance was 
provided by hierarchical clustering method. Finally 
respondants were grouped and geolocationally labeled in 
three main clusters so called; Digitally Literate, Digitally 
Moderate and Digitally Illiterate. After that, according to 
their responses such as 3G usage, online streaming and social 
media usage etc; grouped respondants were mapped to an 
average data need per group. Digitally Literate is the group 
that is using ICT frequently in their daily life, a sample 
respondent i who needs highest data transmission Ti is in this 
group. Digitally Moderate, for the group which is using ICT 
but not that often, a sample respondent in this group is 
mapped to moderate Ti in the rest of the article. Digitally 
Illiterate, which is not using any ICT / mobile services or 
even barely aware about daily ICT reachibility opportunities. 
A sample respondent in this group is mapped to the lowest 
Ti.  
As a consequence, our approach in this work, will be 
using data usage information which provides approximate 
maximum data need of geographically known individuals. 
We will name clustered respondents’ data need Ti Mbps 
where i will be the mobile user exemplified as one of the 
clusters’ user and Ti will be assumed to be known a priori. 
Then by using that, we will try to optimize mobile cellular 
network by minimizing total mobile power consumption. 
 
Figure 1.  31 Neighborhoods, white labeled, in 10 districts of Istanbul 
III. SYSTEM MODEL 
We will use the system model as in [9]: 
       √                     (1) 
here xi is the transmitted signal of the i
th
 mobile station (MS) 
that finally forms received signal yi at the received edge, PT 
is the transmitted signal’s power and ni is the zero mean 
additive white Gaussian noise (AWGN) of variance N. 
Transfer function of the composite channel in system model 
is hi and modeled as:  
     √                        (2) 
where PLoss is the path loss component, Si is the shadow 
fading component and gi is the fast fading component of the 
system.  
Propagation model that defines PLoss in (2) is as below: 
      (
 
  
)
 
  (3) 
where d is the path distance between transmitter and receiver 
and d0 is the reference distance for the antenna far field. ᵞ  is 
the path loss exponent which will be taken as 2.8 for urban 
propagation model and high base station transceiver (BTS) 
antenna height according to [10]. 
Mobile signal fading of the system which is defined by gi 
of (2) is accepted to have the same fading characteristics as 
in Rayleigh channel which follows the Rayleigh distribution 
given below [11], 
       
 
  
 
   
   
⁄
 , x ≥ 0   (4) 
where Ω2 is the variance of Rayleigh distribution. 
Finally shadow fading component, log-normally 
distributed Si of (2) may be given with its probability density 
function (PDF) as below. 
      
 
    √  
  
            
 
   
 ⁄
 , Si ≥ 0  (5) 
here σi is the standard deviation of 10log10Si and the mean of  
10log10Si is assumed to be zero. Again, σi will be taken 8.0 
as Istanbul is considered to be more dense than San 
Francisco Bay Area in [10] and BTS antenna heights are 
much higher than referred 13.3 m. 
IV. OPTIMIZATION 
A. Convex optimization and general constraints 
In complex mobile cellular systems mobile locations and 
channel propagations continuously change. Finding optimum 
SINR level while minimizing total consumed power needs 
efficient and quick optimization methods for further realistic 
implementations. There are several methods already 
investigated in literature for several optimization purposes 
[12 - 15]. 
One of these optimization methods is convex 
optimization which solves convex objective functions and 
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constraints [15]. As we may turn our objective functions 
and/or constraints into convex equations and inequalities, 
convex optimization method will be used to solve our 
objective functions with the system constraints. System 
constraints are delimiters of the objective function which we 
are trying to optimize. As we will work on comparison of 
mobile power consumptions in different modulation 
schemes, we first define upper and lower bounds of the 
mobile power usages: 
                (6) 
which 0.5 Watt (W) is the typical upper bound of mobile 
transmit power in Universal Mobile Telecommunication 
System (UMTS). 
After defining upper and lower bounds for transmit 
power, we should also guarantee the Quality of Service 
(QoS) for all users in the system that we optimize or not. 
Therefore we should set a lower bound SINR threshold 
which may be defined as SINRLB , and SINRk SINR of the k
th
 
MS other than we optimize, should be kept over this SINRLB: 
              .      (7) 
Beside that, total interference caused by the other mobile 
stations from the one we optimized for, should be limited by 
an upper bound such as IMAX  below: 
∑   
   (
  
  
)
 
  |  |
   
                         (8) 
here PT
k
 is the k
th
 MS transmit power, dk is the path distance 
between the kth MS and the BTS, Sk and gk are the shadow 
fading and fast fading coefficients of the kth MS respectively. 
ni is additive white Gaussian noise and KS is the spreading 
gain for CDMA which its inverse may be the power decrease 
ratio for the interference effect of k
th
 mobile link. 
Finally a very remarkable constraint particularly for 
CDMA perfect power control should be considered by an 
equality between the PR of mobile stations other than we 
optimize. On the other hand we should keep all those PR 
above a minimum received power threshold PR,MIN, just to 
keep satisfying other mobile station QoS. 
  
       
        (9) 
  
             (10) 
B. Adaptive Modulation and Coding 
In adaptive modulation and coding, the highest order 
modulation is calculated and the modulation scheme is 
decided accordingly. This methodology is very well 
explained in [3] where the objective function is maximizing 
throughput for a particular MS, within a set of mobile 
stations. 
The purpose of maximizing throughput is a reflection of 
maximizing SINR for a particular MS in the simulation 
system. As known, Shannon capacity equation is as below: 
                         (11) 
 
here, C is the maximum capacity limit of a particular 
transmission line with its B bandwidth and SINRi. From this 
perspective, by considering C as the maximum throughput of 
such mobile, assuming C ≈ Ti that we reached through digital 
divide analysis in our previous work and B is the 1.25 MHz 
bandwidth for CDMA [16], optimizing C equivalently means 
optimizing SINRi which provides data demand Ti. 
SINRi of mobile i is defined as below: 
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             (12) 
here PT , d, ᵞ, S, g, KS and n values are the same as in (8) for 
the i
th
 MS and k
th
 MS accordingly. 
In this manner, objective function and constraints in our 
optimization for AMC  may be listed as below: 
Maximize                    (13) 
 subject to 
      
        
             
             ∑   
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C. Sufficient Modulation and Coding 
We propose a new modulation and coding approach, 
sufficient modulation and coding in this paper. As described 
throughout in previous sections, using the benefit of 
throughput awareness per mobile a priori, should take us 
much efficient resource allocations, particularly mobile 
power consumption in mobile cellular systems. 
We suggest a deductive way for wireless resource 
allocation to minimize mobiles’ total power consumption by 
satisfying throughput needs of particular subscribers. 
Instead of investigating how much SINR that a system can 
 
Figure 2.  Illustration of the simulation environment 
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provide, we determine the SINR need of the user and satisfy 
it before minimizing the mobile powers. Therefore in 
SMC,optimization will be done through below constraints 
and objective function which is minimizing total 
consumption of  PT
i
 , the transmit power  of i
th
 MS in the 
system: 
Minimize  ∑   
 
          (14) 
 subject to 
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and additionally : 
         
  
 ⁄    
In the last constraint, SINRi and Ti , respectively, are 
SINR and the throughput need of i
th
 MS which we optimize,  
 
B is the CDMA bandwidth as mentioned for (11). By this 
last constraint we force the system to satisfy SINR need of a 
particular MS while satisfying the general constraints of the 
system. Then we minimize total power consumption in the 
system as much as possible. 
V. SIMULATION RESULTS 
A simulation environment was designed with 10 mobile 
stations. Three mobile stations (will be called 3 MS mode) 
were placed to different path distances as 5 m, 10 m, 15 m 
and with different Ti  throughput needs as 0.1 Mbps for 
digitally illiterate mobile users, 0.5 Mbps for digitally 
moderate mobile users and 1.5 Mbps for digitally literate 
mobile users respectively. After that, number of mobiles was 
increased in the system one by one. For the sake of 
simplicity and the proper comparison between the mobiles, 
no mobility model was used and additional mobiles were 
joined with the same delta difference (5 meters) and with the 
repeating throughput needs (0.1, 0.5 and 1.5 Mbps). For all 
different MS modes, communication links were assumed to 
be established with one common BTS as in Figure 2. Where 
simulation parameters may be found as listed in Table I. 
An important remark that SINRLB is chosen always equal 
to the maximum SINR need of the mobile stations other than 
the one we optimize. Purpose of the SINRLB constraint is 
satisfying QoS of all mobiles and creating an outage free 
system. Lower SINRLB would cause transmission failure for 
one or more mobiles in the system. Simulations run for 4 
different simulation channel characteristics and 1000 Monte 
Carlo loops each. First, it was assumed that no fading (fast or 
slow) and no CDMA perfect power control exist. In second, 
perfect power control was included but without any fading. 
In third, power control and Rayleigh fast fading were  
TABLE I.  CHOSEN VALUES IN SIMULATION 
Constants Values 
N            W. 
γ 2.8 
σ 8.0 
SINRLB max(SINRk) , for all k ≠ i 
KS 10 
IMAX 0 dB 
PR,MIN -90 dB 
BW 1.25 MHz. 
considered but no shadow fading. In fourth and the last, all 
channel characteristics were included to the simulation.  
Different channel characteristics caused different 
infeasibilities in optimization results. By eliminating the 
infeasible solutions from all simulation loops, various 
numerical results were obtained. Results were satisfactory to 
see and compare not only the effect of additional mobiles 
joining to the network, but also the effect of fading and 
power control constraints. 
Numerical results may be classified in two aspects that 
we already proposed in this paper. For our first proposal, as 
expected, SMC established sufficient SINR, instead of 
maximum SINR for optimized MS in AMC. As seen in 
Figure 3, while optimizing mobile 3, AMC optimizes its 
SINR at 20.70 dB level. On the other hand, SMC satisfies 
this mobile’s capacity need by providing sufficient SINR 
which is 1.14 dB. Same behavior is observed in all MS 
modes. Even though additional mobiles join to the system, 
SMC keeps satisfying mobiles’ QoS by serving the same 
SINR level. In contrary, AMC keeps trying to maximize 
mobile’s SINR level in a decreasing context. Because every 
single mobile that joins to the system creates additional 
interference and force SINR levels decrease. In such 
condition AMC keeps increasing mobile powers to maximize 
the SINR which is unnecessary for specific subscribers. 
Observation of SINR is the reflection of Ti throughput 
needs of particular subscribers. Maximizing SINR with 
AMC means maximizing subscriber’s data capacity as much 
as possible. Figure 4 shows throughput performance of both 
AMC and SMC. As seen, AMC keeps maximizing data 
capacity of MS 3 as much as possible, but with every single 
mobile joining, provided capacity level also decreases. In 3 
MS mode, AMC provides 8.61 Mbps to 3
rd
 mobile 
subscriber. 8.61 Mbps decreases to 3.45 Mbps level in 6 MS 
mode and 1.42 Mbps in 9 MS mode. However, that 
particular subscriber needs 1.5 Mbps while AMC 
unnecessarily tries to maximize subscriber’s capacity. On the 
other hand, SMC keeps satisfying subscriber QoS by 
providing 1.5 Mbps in all MS modes.  
This difference in data channel capacities, takes us to our 
second proposal. In Figure 5, it is proven that sufficiency 
provides lower mobile total power consumption as well. In 
AMC, mobile transmit powers are driven up to satisfy the 
maximum possible SINR level. In 3 MS Mode, mobiles’ 
total power consumption is measured as 0.58 Watt 
approximately. In 6 MS Mode it increases to 0.80 Watt, 
because the interference effect is increased. This is seen 
clearer with the addition of new mobiles. In 9 MS mode,  
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Figure 3.  SINR [dB] vs number of mobiles, optimizing only 3rd mobile 
mobiles’ total power consumption is at 1.20 watt level. In 
SMC, mobile transmission powers are kept at optimum 
level and provides enough data capacity for a particular 
subscriber. Because of low throughput needs, low 
interference effect and low BTS – MS distance in 3 MS 
Mode, 4 mW transmission power is consumed. In contrast 
to AMC, a new MS does not significantly affect total power 
consumption. Total power consumption keeps staying at 
0.09 watt in 6 MS mode and 0.46 watt in 9 MS mode.  
Finally, as we found out the reduction level in mobiles’ 
total power consumption, we may find the energy efficiency 
provided by SMC. In relation with optimized power 
consumptions, Figure 6 shows the energy efficiency 
between four channel characteristics. Until 6 MS mode, 
channel characteristics do not have a notable effect. While 
6
th
 mobile joins to the system, because the 6
th
 mobile user is 
the super user with a 1.5 Mbps capacity need, system  
 
Figure 4.  Throughput [Mbps.] vs number of mobiles, optimizing only 3rd 
mobile 
 
Figure 5.  Total transmit power [W.] vs number of mobiles, optimizing 
only 3rd mobile 
characteristics start to show their particular effects. From the 
observations on efficiency measurements, the first thing is 
that without any constraint, system behaves in the most 
energy efficient way. On the other hand, including the 6
th
 
mobile into the system, causes a sharp jump in efficiency 
because AMC system, which we compare faces with a 
drammatic power usage with the most challenging mobile. 
After that we understand that CDMA perfect power control 
causes a sharp decrease in efficiency especially after 
including the 6
th
 mobile because including every new 
mobile forces system optimize the perfect power control 
which is harder and harder. Eventually we conclude that 
inclusion of shadow fading has the most dramatical effect 
also on energy efficiency. 
 
Figure 6.  Efficiency [joule/s./Hz.] vs number of mobiles, optimizing only 
3rd mobile 
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VI. CONCLUSION 
In this paper it was shown that if mobile subscriber’s data 
demand can be estimated, efficiency in power consumption 
may be improved. Mobile users’ capacity demand was 
estimated through digital divide concept. Simulation 
environment with urban characteristics was designed to run 
some simulations for approving our proposals. CDMA, 
Rayleigh fast fading and lognormal shadowing were taken 
into consideration separately and all together. Simulation 
outputs with numerical results showed that all of our 
proposals are correct. It is proven that precisely assigning 
SINR level is possible. This is not possible by AMC which 
calculates the highest order modulation for a particular 
transmission channel. Secondly, it is shown that SMC yields 
decreased power consumption. Using SMC instead of AMC, 
results lower power consumptions even a new MS joins into 
the system. 
This study was meant to be a pioneer for thinking more 
efficient and green wireless networks by a deductive 
perspective. Estimating mobile users’ capacity needs, seems 
not to be perfectly realistic but in a future work, especially 
with big data and improving data mining solutions, telecom 
industry will manage to focus on individual needs. Quick 
data need estimations of individuals’ depending on network 
statistics are close future. Beside all, even within a limited 
channel, limited pricing scheme that may allow mobile users 
pay for capacity they allocate, this study shows how effective 
demand oriented perspective may be. 
After all, this work may still be extended by changing 
optimization formulations of SMC into SINR optimization 
for all particular mobiles. In actual model, we only consider 
maximum SINR level of mobiles other than we optimize. It 
is suggested that optimization all mobiles at a time may 
increase power efficiency even more dramatically. Beside 
that in future work, with different channel characteristics, 
orthogonal frequency division multiple access (OFDMA) 
based mobile environment such as 3GPP Long Term 
Evolution (LTE) may also be simulated.  
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